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TRANSLATOR'S  PREFACE. 


In  this  edition  I  have  incorporated  a  large  mass  of  Dr.  Hermann  Miiller's  recent 
observations,  of  which  he  sent  me  full  notes ;  and  I  have  also  added  further  details 
where  it  seemed  necessary,  taken  from  his  own  and  other  writings.  Many  new  figures 
from  Dr.  Hermann  Miiller's  other  works  have  also  been  inserted  here. 

The  systematic  part  of  the  book,  which  is  arranged  on  Endlicher's  system  in  the 
German  edition,  has  been  re-arranged  according  to  Bentham  and  Hooker's  Genera 
Plantar  urn. 

I  may  mention  one  case  out  of  many  in  which  I  have  had  difficulty  in  choosing 
between  equivalent  woids.  I  have  throughout  used  fertilisation  in  preference  to  the 
ungainly  word  pollination,  to  imply  application  of  pollen  to  the  stigma  without 
definite  reference  to  the  result  of  the  act :  that  is  to  say,  I  have  in  ordinary  cases 
translated  Bestdubung  and  Befruchtung  by  the  same  word.  But  I  have  taken  pains  to 
guard  against  ambiguity  in  all  cases  where  this  rendering  might  lead  to  it. 

Mr.  T.  H.  Corry,  of  Caius  College,  Assistant-Curator  of  the  University  Herbarium, 
has  read  through  the  whole  systematic  part,  giving  me  constant  assistance. 

I  have  been  at  pains  to  compile  a  list  of  all  works  relating  to  the  subject  of  this 
book  ;  and  so  far  as  lay  in  my  power  I  have  added  an  Index  of  genera  to  the  list. 

Charles  Darwin's  preface,  full  of  suggestion,  full  of  kindly  appreciative  feeling,  is 
of  peculiar  interest  as  one  of  the  very  last  of  his  writings. 

D'ARCY  W.  THOMPSON. 

Trinity  Colieok,  April,  18S3. 


PREFATORY  NOTICE. 


The  publication  of  a  translation  of  Hermann  Miiller's  Die 
Befruchtimg  der  Blumen,  &c,  will  without  doubt  be  a  great 
service  to  every  English  botanist  or  entomologist  who  is  interested 
in  general  biological  problems.  The  book  contains  an  enormous 
mass  of  original  observations  on  the  fertilisation  of  flowers,  and 
on  the  part  which  insects  play  in  the  work,  given  with  much 
clearness  and  illustrated  by  many  excellent  woodcuts.  It  includes 
references  to  everything  which  has  been  written  on  the  subject ; 
and  in  this  respect  the  English  edition  will  greatly  exceed  in 
value  even  the  original  German  edition  of  1873,  as  Miiller  has 
completed  the  references  up  to  the  present  time.  No  one  else  could 
have  clone  the  latter  work  so  well,  as  he  has  kept  a  full  account 
of  all  additions  to  our  knowledge  on  this  subject.  Any  young- 
observer  who,  after  reading  the  whole  or  part  of  the  present  work, 
will  look,  for  instance,  at  the  flower  of  a  Salvia,  or  of  some 
Papilionaceous  or  Fumariaceous  plant,  or  at  one  of  our  common 
Orchids,  will  be  delighted  at  the  perfection  of  the  adaptations 
by  which  insects  are  forced,  unconsciously  on  their  part,  to  carry 
pollen  from  the  stamens  of  one  plant  to  the  stigma  of  another. 
Design  in  nature  has  for  a  long  time  deeply  interested  many  men, 
and  though  the  subject  must  now  be  looked  at  from  a  somewhat 
different  point  of  view  to  what  was  formerly  the  case,  it  is  not 
thus  rendered  the  less  interesting. 
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Hermann  Miiller  has  by  no  means  confined  his  attention  to  the 
manner  in  which  pollen  is  carried  by  insects  or  other  animals 
from  plant  to  plant,  for  wind -fertilised  flowers  have  been  carefully 
described  by  him ;  and  several  curious  transitions  from  the  one 
state  to  the  other  are  noticed.  He  has  also  attended  more  closely 
than  any  one  else  to  the  many  contrivances  for  self-fertilisation, 
which  sometimes  co-exist  with  adaptations  for  cross-fertilisation. 
For  instance,  he  has  discovered  the  singular  fact  that  with  certain 
species  two  kinds  of  plants  are  regularly  produced,  one  bearing 
inconspicuous  flowers  fitted  for  self-fertilisation,  and  the  other  kind 
with  much  more  conspicuous  flowers  fitted  for  cross-fertilisation. 
The  flowers  on  the  first-mentioned  plants  serve  the  same  end  as 
the  curious  little  closed  cleistogamic  flowers  which  are  borne  by  a 
considerable  number  of  plants,  as  described  and  enumerated  in  the 
present  work. 

There  is  another  interesting  feature  in  the  Befruchtung ,  by 
which  it  differs  from  all  other  works  on  the  same  subject ;  for  it 
includes  not  only  an  account  of  the  adaptation  of  flowers  to  insects, 
but  of  different  insects  to  differently  constructed  flowers  for  the 
sake  of  obtaining  their  nectar  and  pollen. 

Any  one  who  will  carefully  study  the  present  work  and  then 
observe  for  himself,  will  be  sure  to  make  some  interesting  dis- 
coveries ;  and  as  the  references  to  all  that  has  been  observed  are 
so  complete,  he  will  be  saved  the  disappointment  of  finding  that 
which  he  thought  was  new  was  an  already  well-known  fact.  I 
may  perhaps  be  permitted  here  to  mention  a  few  points  which 
seem  to  me  worthy  of  further  investigation.  There  are  many 
inconspicuous  flowers  which  during  the  day  are  rarely  or  never  visited 
by  insects,  and  the  natural  inference  seems  to  be  that  they  must 
be  invariably  self-fertilised ;  for  instance,  this  is  the  case  with  some 
species  of  Trifolium  and  Fumaria  which  bear  very  small  flowers, 
with  some  species  of  Galium,  Linum  cathartimm,  too.  Many  other 
such  flowers  are  enumerated  by  Miiller.  Now  it  is  highly  desirable 
that  it  should  be  ascertained  whether  or  not  these  flowers  are 
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visited  at  night  by  any  of  the  innumerable  individuals  of  the  many 
species  of  minute  moths.  A  lepidopterist  while  collecting  at 
night,  if  endowed  with  only  a  small  portion  of  the  indomitable 
patience  displayed  by  Miiller,  could  ascertain  this  fact.  The 
question  possesses  a  considerable  degree  of  theoretical  interest ; 
for  if  these  inconspicuous  flowers  are  never  visited  by  insects,  why, 
it  may  be  asked,  do  they  expand,  and  why  is  not  the  pollen 
protected  by  the  petals  remaining  closed,  as  in  the  case  of 
cleistogamic  flowers?  It  would  perhaps  be  possible  to  smear 
such  small  flowers  with  some  viscid  matter,  and  an  examination 
of  the  petals  would  probably  reveal  nocturnal  visits  by  moths  by 
the  presence  of  their  scales ;  but  it  would  be  necessary  to  prove 
that  the  matter  employed  was  not  in  itself  attractive  to  insects. 
H.  Miiller  gives  long  lists  of  the  several  kinds  of  insects  which  he 
has  seen  visiting  various  flowers  in  Germany ;  and  it  would  be 
interesting  to  learn  whether  the  same  insects  and  the  same  pro- 
portional number  of  insects  belonging  to  the  different  orders,  visit 
the  same  plants  in  England  as  in  Germany. 

There  are  many  other  subjects  which  it  is  desirable  that  some 
one  should  investigate,  for  instance,  by  what  steps  heterostylism 
(of  which  an  account  will  be  found  in  the  present  work)  originated  : 
and  with  trimorphic  heterostyled  plants  we  meet  with  a  more 
extraordinary  and  complicated  arrangement  of  the  reproductive 
system  than  can  be  found  in  any  other  organic  beings.  In  order 
to  investigate  this  subject  and  several  others,  experiments  in 
fertilisation  would  have  to  be  'tried  ;  but  these  are  not  difficult 
and  would  soon  be  found  interesting.  For  instance,  there  are 
some  plants,  the  pistils  and  stamens  of  which  vary  much  in  length, 
and  we  may  suspect  that  we  here  have  the  first  step  towards 
heterostylism;  but  to  make  this  out,  it  would  be  necessary  to  test 
in  many  ways  the  power  of  the  pollen  and  of  the  stigma  in  the 
several  varieties.  There  exist  also  some  few  plants  the  flowers  of 
which  include  two  sets  of  stamens,  differing  in  the  shape  of  the 
anthers  and  in  the  colour  of  the  pollen;  and  at  present  no  one 
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knows  whether  this  difference  has  any  functional  signification,  and 
this  is  a  point  which  ought  to  be  determined.  Again,  there  are 
other  plants,  for  instance,  the  common  Ehododendron,  in  which  the 
shorter  stamens  are  more  or  less  rudimentary,  and  it  has  been 
asserted  that  seedlings  raised  from  pollen  taken  from  the  short  and 
from  the  full -sized  stamens  differ  in  appearance ;  and  it  would  be 
of  importance  to  know  whether  they  differ  in  their  fertility  or 
power  of  yielding  seeds.  It  would  also  be  interesting  to  learn 
whether  in  the  plants,  already  alluded  to,  which  produce  two 
forms,  one  adapted  for  self-fertilisation  and  the  other  for  cross- 
fertilisation,  the  reproductive  organs  have  become  in  any  degree 
differentiated,  so  that  their  action  would  not  be  perfect  if  the  two 
forms  were  reciprocally  crossed.  Would  a  flower  adapted  for 
self-fertilisation  yield  a  full  complement  of  seed  if  fertilised  by 
pollen  from  one  adapted  for  cross-fertilisation ;  and  vice-versd  with 
the  other  form  ? 

But  it  would  be  superfluous  to  make  any  further  suggestions. 
These  will  occur  in  abundance  to  any  young  and  ardent  observer 
who  will  study  Midler's  work  and  then  observe  for  himself, 
giving  full  play  to'  his  imagination,  but  rigidly  checking  it  by 
testing  each  notion  experimentally.  If  he  will  act  in  this  manner, 
he  will,  if  I  may  judge  by  my  own  experience,  receive  so  much 
pleasure  from  his  work,  that  he  will  ever  afterwards  feel  grateful 
to  the  author  and  translator  of  the  BefrucMung  der  Blumen. 

CHARLES  DARWIN. 


Down,  February  6,  1882. 
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THE  FERTILISATION  OF  FLOWERS 


PART  I. 
HISTORICAL  INTRODUCTION. 


It  was  not  until  the  close  of  last  century  that  the  true  purport 
and  significance  of  flowers  began  to  be  perceived.  Christian 
Conrad  Sprengel  seems  to  have  been  the  first  to  view  the  subject 
in  the  light  of  adaptation,  and  to  show  how  all  the  colours,  scents, 
and  singular  forms  of  flowers  have  pne  useful  purpose.  His 
book  struck  out  a  new  path  in  botanical  science,  and  its  title,  The 
Secret  of  Nature  in  the  Form  and  Fertilisation  of  Flowers  Discovered} 
shows  that  the  author  was  well  aware  of  the  importance  of  his 
discoveries.  Setting  out  with  the  conception  of  a  "  wise  author  of 
nature  who  has  not  created  one  hair  Without  a  definite  purpose," 
Sprengel  contrived,  by  reflecting  on  apparently  insignificant  facts, 
to  throw  light  on  most  important  phenomena  in  the  life  of 
flowers.  The  gradual  progress  of  his  discovery,  as  he  describes  it 
in  the  introduction  to  his  book,  is  worth  recapitulating. 

The  inconspicuous  hairs  which  cover  the  lower  part  of  the  petals 
of  the  wood  cranesbill  (Geranium  silvaticum,  L.),  and  beneath  which 
drops  of  honey  lie  hid,  led  Sprengel  in  the  year  1787  to  the  dis- 
covery that  most  flowers  which  contain  nectar  are  so  arranged  that, 
while  insects  can  easily  reach  it,  the  rain  is  prevented  from  doing 
so ;  and  he  came  to  the  conclusion  "  that  the  nectar  of  these  flowers 
is  secreted  for  the  sake  of  insects,  and  is  protected  from  rain  in 
order  that  the  insects  may  get  it  pure  and  unspoiled."  Starting 
from  this  conception,  he  next  summer  studied  the  forget-me-not 

(h^Ym™ mtfkl°  Gchcimnies  dor  Naiur  im  Bauc  und  in  dcr  Bcfruchluvg  dor  Bhimen 

U 


2 


THE  FERTILISATION  OF  FLOWERS.         [part  r. 


(Myosotis  palustris,  L.),  and  speculated  on  the  meaning  of  the  yellow 
ring  round  the  mouth  of  the  corolla,  which  forms  a  pleasing  con- 
trast to  the  azure-blue  of  the  limb ;  and  he  conceived  the  idea 
that  this  might  serve  to  guide  insects  on  their  way  to  the  honey. 
On  examination  of  other  flowers  he  found  that  coloured  dots  and 
lines  and  other  figures  occur  especially  at  the  entrance  to  the 
nectaries,  or  point  towards  it,  and  he  was  accordingly  confirmed  in 
this  idea  of  path-finders  or  honey-guides.  The  next  step  was  easy, 
and  Sprengel  could  scarcely  remain  long  without  perceiving  that,  as 
the  special  colour  of  one  part  of  the  corolla  serves  to  guide  the 
insect  after  it  has  settled  upon  the  flower,  the  bright  colour  of  the 
whole  flower  serves  to  attract  the  notice  of  insects  while  still  at  a 
distance.  So  far,  Sprengel  had  looked  upon  flowers  as  contrived 
simply  for  the  use  of  insects,  but  the  study  of  some  species  of 
iris,  in  the  summer  of  1789,  led  him  to  the  further  discovery  that 
many  flowers  are  absolutely  incapable  of  being  fertilised  without 
the  aid  of  insects ;  and  so  he  concluded  that  the  secretion  of  honey 
in  flowers,  its  protection  against  rain,  and  the  bright  colours  of  the 
corolla  are  contrivances  of  use  to  the  flower  itself  by  bringing 
about  its  fertilisation  by  insects.  Thus  were  laid  the  foundations 
of  a  theory  of  honey-containing  flowers,  which  Sprengel  enunciates 
in  the  following  propositions  :  (1)  These  flowers  are  fertilised  by 
some  one  species  of  insect,  or  by  several  species  ;  (2)  the  insects, 
in  approaching  the  honey,  brush  pollen  from  the  anthers  with 
various  hairy  parts  of  their  bodies  and  convey  it  to  the  stigma.  The 
application  of  this  theory  to  the  various  plants  that  came  within 
Sprengel's  reach  led  to  the  production  of  the  above-mentioned 
book,  which  is  marked  throughout  by  a  wealth  of  patient  observa- 
tion and  acute  reasoning.  In  it  the  following  five  features  are 
described  in  several  hundred  species  of  flowers,  partly  native  and 
partly  cultivated,  as  proof  of  the  correctness  of  the  theory  :— 

(1)  A  honey-gland  or  nectary,  i.e.  a  part  which  elaborates  and 
secretes  honey;  (2)  a  honey-receptacle,  which . receives  and  stores 
the  honey  secreted  by  the  gland;  (3)  a  contrivance  to  shelter 
the  honey  from  rain  {Saftdeclce) ;  (4)  contrivances  to  enable  the 
insect  to 'find  the  honey  easily .  (Saftmal) ;  bright  colour  and  ex- 
tension of  the  corolla,  odour,  and  above  all  coloured  spots  near 
the  entrance  to  the  honey-receptacles  (path-finders);  (o)  the 
impossibility  of  mechanical  fertilisation,  i.e.  spontaneous  self-fer- 
tilisation, or  of  fertilisation  by  the  wind,  and  in  many  cases  the 
direct  observation  of  fertilisation  by  insects  in  nature.  Sprengel 
discussed  these  five  points  in  numerous  honey-secretmg  flowers, 
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and  succeeded  in  explaining  most  of  their  characters  as  contrivances 
for  insect-fertilisation.  His  theory,  although  the  first  effort  in  this 
wide  field,  would  have  afforded  a  satisfactory  key  to  the  chief 
puzzles  of  the  floral  world  had  it  not  contained  a  very  serious  flaw, 
which  Sprengel  was  not  conscious  of,  and  was  therefore  not  in  a 
position  to  remove.  Since  the  conveyance  of  pollen  to  the  stigma 
is  obviously  of  no  benefit  to  the  insect,  the  same  question  should 
have  arisen  even  from  Sprengel's  teleological  standpoint,  which 
nowadays  comes  up  prominently  when  we  consider  his  hypothesis 
from  the  standpoint  of  natural  selection  :  "  What  advantage  can  it 
be  to  the  plant-  that  its  pollen  should  be  conveyed  by  insects  to 
the  stigma  ? "  For  just  as  according  to  our  modern  views  only 
modifications  which  are  of  advantage  to  their  possessor  can  be  pre- 
served by  natural  selection,  so  from  the  teleological  standpoint 
only  beneficial  arrangements  could  be  ascribed  to  the  all-wise 
Creator.  If  the  conveyance  of  pollen  to  the  stigma  by  insects  is 
of  no  greater  advantage  than  the  direct  contact  of  the  reproductive 
organs  in  the  flower,  then  the  preference  of  the  former  uncertain 
method  to  the  latter  seems  unnecessary  and  capricious,  and  any 
theory  based  thereon  falls  to  the  ground. 

It  is  remarkable  in  how  many  cases  Sprengel  recognised  that 
the  pollen  is  carried  of  necessity  to  the  stigmas  of  other  flowers  by 
the  insect-visitors,  without  suspecting  that  therein  lies  the  value  of 
insect-visits  to  the  plant.  In  very  many  plants  Sprengel  had 
observed  that  the  two  sets  of  sexual  organs  in  the  same  flower  are 
not  developed  simultaneously ;  to  this  phenomenon  he  gave  the 
name  dichogamy.  In  his  introduction  (p.  43)  he  says  expressly : 
"  Since  very  many  flowers  are  of  one  sex  only,  and  probably  as 
many  more  are  dichogamous,  nature  seems  to  intend  that  no  flower 
shall  be  fertilised  by  means  of  its  own  pollen,"  and  as  a  proof  of 
this  he  adduces  an  experiment  performed  by  him  on  Hemerocallis 
fidva,  which  showed  him  that  this  plant  is  not  fertile  to  its  own 
pollen.  So  near  was  Sprengel  to  the  distinct  recognition  of  the 
fact  that  self-fertilisation  leads  to  worse  results  than  cross-fertilisa- 
tion, and  that  all  the  arrangements  which  favour  insect-visits  are 
of  value  to  the  plant  itself,  simply  because  the  insect- visitors  effect 
cross-fertilisation ! 

But  this  omission  was  for  several  generations  fatal  to  Sprengel's 
work,  which  was  otherwise  well  fitted  to  give  a  powerful  impulse 
to  further  research.  For,  both  at  the  time  and  subsequently, 
botanists  felt  above  all  the  weakness  of  his  theory,  and  they  set 
aside  along  with  his  defective  ideas  the  rich  store  of  his  patient 
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and  acute   observations  and   his   comprehensive   and  accurate 
interpretations. 

Instead  of  the  correlation  of  living  organisms,  which  Sprengel 
had  made  the  subject  of  observation  and  reflection  with  such 
admirable  results,  classification  and  afterwards  anatomy  and 
embryology  occupied  investigators  so  exclusively  that  no  one  ever 
thought  of  continuing  Sprengel's  beautiful  researches  or  of 
testing  their  accuracy.  His  work  remained  forgotten  until  our 
ideas  of  organic  nature  were  fundamentally  changed  by  the  progress 
of  knowledge,  and  until  the  advantages  of  cross-fertilisation,  which 
Sprengel  only  faintly  realised,  were  recognised  anew  and  more 
clearly  through  independent  experiments. 

The  idea  of  independent  creation  of  species,  prevalent  in 
Sprengel's  time  and  so  confidently  stated  in  his  book,  was  overthrown 
by  progress  in  the  three  departments  of  classification,  embryology, 
and  paleontology  ;  all  three  led  consistently  to  the  conception  that 
the  existing  species  of  plants  and  animals  must  have  originated 
from  simpler  forms;  and  Darwin's  Origin  of  Species  proved  the 
point  by  demonstrating  clearly  and  thoroughly  how  actual  forces 
were  operating  before  our  eyes  to  modify  living  forms. 

But,  even  before  this  great  revolution  in  our  conception  of 
nature,  one  point  which  was  needed  to  make  Sprengel's  theory 
efficient  had  been  clearly  perceived.    A  few  years  after  Sprengel's 
book  appeared,  Andrew  Knight  (392),  after  some  experiments  on 
cross-fertilisation  and  self-fertilisation  in  the  pea,  laid  down  the 
law  that  in  no  plant  does  self-fertilisation  occur  for  an  unlimited 
number  of  generations.    But  his  law  received  no  further  atten- 
tion, and  nobody  conceived  the  idea  of  applying  it  in  connection 
with  Sprengel's  theory.    A  like  fate  overtook  Herbert  (334),  who 
summed  up  the  result  of  his  numerous  experiments  in  this  sentence  : 
"  I  am  inclined  to  think  that  I  have  derived  advantage  from  impreg- 
nating the  flower  from  which  I  wished  to  obtain  seed  with  pollen 
from  another  individual  of  the  same  variety,  or  at  least  from 
another  flower,  rather  than  with  its  own  "  (p.  371).     C.  F.  Gartner 
(259)  was  led  still  more  distinctly  to  the  same  result  by  experiments 
on  Passifiora,  Lobelia,  and  Fuchsia.    Even  when  Darwin,  in  1857 
and  1858,  published  some  new  experiments  on  Papilionaccm  (151), 
which  showed  that  the  aid  of  insects  or  artificial  imitation  of  their 
action  was  necessary  for  complete  fertility,  and  that  crossing  of 
separate  plants  was  actually  to  a  great  extent  effected  by  insects,  his 
re-enunciation  of  Knight's  law  remained  ineffectual.    The  charm 
that  had  kept  Sprengel's  theories  inoperative  was  only  broken  when, 
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in  the  next  year,  Darwin  produced  his  Origin  of  Species,  and  in  it 
emphasised  Knight's  law  as  a  general  law  of  nature,  placing  it  on 
broader  and  surer  foundations  and  uniting  it  intimately  with  his 
theory  of  natural  selection.  This  theory  showed  for  the  first  time 
the  full  value  of  Sprengel's  work,  and  caused  his  book,  which  had 
been  forgotten  for  seventy  years,  to  play  a  prominent  part  in  the 
investigation  of  the  prime  causes  which  determine  the  forms  of 
flowers. 

As  a  foundation  for  the  hypothetic  natural  law  that  "  no  organic 
being  fertilises  itself  for  a  perpetuity  of  generations,  but  that  a 
cross  with  another  individual  is  occasionally — perhaps  at  very  long 
intervals — indispensable,"  1  Darwin  showed  that  in  all  higher  and 
the  great  majority  of  lower  animals  the  sexes  are  separate,  and 
that  most  hermaphrodite  forms  pair  regularly ;  that,  in  the  experi- 
ence of  breeders  of  animals  and  cultivators  of  plants,  breeding 
in-and-in  diminishes  the  strength  and  the  productiveness  of  the 
offspring,  while  crossing  with  another  breed,  or  with  another  stock 
of  the  same  breed,  increases  both ;  that,  according  to  the  above- 
mentioned  experiments  of  several  botanists,  the  application  of 
pollen  to  the  pistil  of  the  same  flower  is  less  efficient  than  pollen 
from  another  individual;  that  in  very  many  plants  the  situation  of 
the  reproductive  organs,  exposed  to  the  weather  and  often  liable  to 
injury,  may  be  most  simply  explained  if  we  admit  the  necessity  of 
occasional  crossing ;  that,  according  to  his  own  experiments  on 
Papilionacece,  the  exclusion  of  insect-visits  in  many  cases  diminishes 
or  arrests  productiveness ;  that,  as  Sprengel  had  shown  in  many 
cases  and  Darwin  had  confirmed,  self-fertilisation  is  prevented  in 
many  flowers  by  the  relative  positions  of  the  reproductive  organs 
or  by  their  ripening  at  different  times ;  finally,  that  in  no  living 
organism  do  the  structure  or  situation  of  the  reproductive  organs 
prevent  occasional  crossing  with  another  individual  of  the  same 
species.  These  statements,  taken  separately,  were  neither  decisive 
nor  free  from  objection,  but  collectively  they  lent  a  high  degree  of 
probability  to  Darwin's  hypothesis ;  and  so,  from  its  close  connec- 
tion with  the  question  of  the  origin  of  species  and  the  fundamental 
importance  that  it  therefore  had  for  all  botanical  research,  botanists 
could  not  help  at  once  taking  part  for  or  against  it,  according  to 
whether  they  were  impelled  by  the  general  weight  of  evidence  or 
deterred  by  the  gaps  in  the  chain. 

The  opposers  justly  maintained  that  though  in  the  animal 
kingdom  the  possibility  of  occasional  pairing  might  be  admitted  in 
1  Origin  of  Species,  chap.  iv.    "On  the  Intercrossing  of  Individuals." 
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the  case  of  the  relatively  few  hermaphrodites  which  generally 
fertilise  themselves,  yet  for  the  majority  the  common  notion  that 
the  flowers  are  fertilised  with  their  own  pollen,  either  spontaneously 
or  by  the  aid  of  insects  or  the  wind,  was  as  yet  not  disproved  (cf. 
Treviranus,  742).   They  said  justly  that  the  observations  quoted  to 
prove  the  disadvantages  of  breeding  in-and-in  or  of  fertilising  a 
flower  with  its  own  pollen  were  quite  insufficient,  and  they  called 
for  more  extended  experiments.     Finally,  they  pointed  to  the  not 
rare  occurrence  of  flowers  which  inevitably  fertilise  themselves, 
which  even  remain  closed,  and  yet  which  are  fully  productive,  as  a 
difficulty  in  the  way  of  Darwin's  hypothesis  not  yet  removed.  From 
the  nature  of  the  case,  complete  proof  seems  impossible,  either  for  or 
against  this  law ;  for  neither,  if  it  is  true,  can  the  necessity  of 
occasional  crossing  be  shown  for  all  bi-sexual  plants  and  animals ; 
nor,  if  it  is  false,  can  any  hermaphrodite  which  as  a  rule  fertilises 
itself  be  kept  under  observation  for  an  unlimited  number  of 
generations.    But,  since  the  facts  which  come  within  the  scope  of 
this  law  and  by  which  its  validity  may  be  subjected  to  detailed 
proof  are  inexhaustibly  numerous,  continued  research  will  either 
bring  the  probability  of  the  law  to  the  verge  of  certainty  or  make 
its  improbability  continually  more   conspicuous.     And   so  the 
Knight-Darwin  law  was  admirably  fitted  to  lead  to  numerous 
investigations  of  phenomena  hitherto  left  unobserved,  and  so  to  be 
highly  valuable  in  furthering  our  knowledge,  even  if  in  the  end  its 
truth  could  not  be  universally  and  absolutely  affirmed. 

Darwin  opened  these  new  lines  of  investigation  with  his  own 
incomparable  researches.  A  few  years  after  the  publication  of  his 
Origin  of  Species,  he  showed  by  his  wonderful  book  on  orchids 
that  he  had  by  no  means  affirmed  the  general  truth  of  Knight's 
law  without  having  engaged  in  special  researches  himself.  For  he 
showed  in  this  work  that  in  almost  all  British  orchids,  and  in  all 
the  foreign  species  within  his  reach,  the  flowers  were  adapted  down 
to  the  most  minute  details  for  insect- visits,  in  such  a  way  that 
insect-visitors  could  not  fail  to  carry  the  pollen  to  the  stigmas 
of  other  flowers.  Only  a  few  species  in  which  self-fertilisation 
regularly  took  place  formed  an  exception,  as  yet  unexplained, 
to  this  general  law ;  but  since  even  in  these  cases  the  possibility 
of  occasional  crossing  was  not  excluded,  they  formed  no  valid 
argument  against  the  Knight-Darwin  law. 

&This  work,  freed  from  the  fundamental  flaw  of  Sprengel's 
theory  and  permeated  by  Darwin's  acute  reasoning  and  observation, 
was  a  model  for  the  study  of  the  forms  of  flowers,  and  it  gave 
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a  powerful  impetus  to  further  research  based  upon  Sprengel's 
work.  Even  Treviranus's  well-founded  objection  that  m  most 
orchids,  even  our  native  species,  the  operation  of  insect-visitors  was 
only  concluded  indirectly  from  the  structure  of  the  flowers  and 
had  not  been  directly  observed,  could  not  hinder  this  result  of 
Darwin's  book;  on  the  contrary,  it  could  only  direct  more  general 
attention  to  the  insects  that  actually  performed  the  work  of 
fertilisation.  A  paper  published  seven  years  later  by  Darwin  ( 1 59), 
enumerating  the  insects  observed  to  visit  a  large  number  of  native 
orchids,  shows  to  how  great  an  extent  attention  had  been  attracted 
to  this  point. 

Another  line  of  investigation  which  Darwin  initiated  in  the 
same  masterly  way,  was  the  direct  observation  of  differences 
between  the  action  of  pollen  from  the  same  and  from  another 
flower.  It  has  been  already  mentioned  that  Sprengel  instituted 
experiments  on  self-fertilisation  in  the  case  of  Hcmerocallis 
fuka,  and  that  he  recognised  that  the  flowers  of  this  plant  were 
not  fertile  to  their  own  pollen,  and  other  instances  of  the  same 
kind,  or  at  least  of  diminished  fertility  upon  self-fertilisation, 
had  been  accumulated  by  other  botanists  as  has  been  already 
explained.  Darwin  collected  these  scattered  facts  and  brought 
them  under  Knight's  law  which  for  the  first  time  revealed  their 
full  significance,  and  at  the  same  time  he  initiated  a  new  method  of 
research  which  placed  the  produce  resulting  from  self-fertilisation 
alongside  of  the  produce  of  cross-fertilisation  in  the  struggle  for 
existence,  and  so  permitted  the  result  of  persistent  self-fertilisation 
to  be  ascertained  under  natural  conditions.  In  numerous  plants 
which  were  found  to  be  fertile  with  their  own  pollen,  he  fertilised 
some  flowers  with  their  own  pollen  and  other  flowers  on  the  same 
plant  with  pollen  from  a  neighbouring  plant  growing  under  the 
same  conditions,  excluding  insects  with  great  precautions;  he 
allowed  the  resulting  seeds  to  germinate  on  damp  sand  in  the  same 
vessel,  and  then  planted  them  in  pairs  on  opposite  sides  of  the 
same  pot ;  then,  while  all  conceivable  precautions  were  taken  to 
keep  both  sides  under  the  same  conditions,  he  watched  the  growth 
of  the  plants  to  maturity.  The  same  experiment  was  repeated 
with  the  seeds  produced  by  these,  and  was  continued  from 
generation  to  generation. 

In  several  cases  {Ipomcca  purpurea,  Mimulus  lutcus),  the  plants 
resulting  from  cross-fertilisation  showed  even  in  the  first  generation 
a  marked  superiority  over  the  others;  they  were  larger  in  the 
proportion  of  four  to  three  or  even  three  to  two,  they  flowered 
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earlier,  and  they  produced  more  capsules.  In  other  cases  such 
superiority  was  less  marked  or  was  imperceptible,  but  in  no  single 
case  was  the  advantage  shown  upon  the  other  side. 

So  these  researches  also  gave  results  on  the  whole  favourable  to 
Knight's  law  •  but  probability  bordering  on  certainty  could  only  be 
attained  when  researches  of  this  kind  were  undertaken  on  the 
largest  scale  and  carried  on  through  many  generations.  As  far  as 
lay  within  one  man's  power  Darwin  had  fulfilled  this  condition, 
for  he  had  prosecuted  the  above-mentioned  research  for  eleven 
years.  The  number  of  individual  plants  produced  by  crossing  and 
also  of  those  produced  by  self-fertilisation  which  he  watched  from 
germination  to  maturity  reached  more  than  a  thousand  ;  they  be- 
longed to  fifty-seven  species,  fifty-two  genera,  thirty  large  families, 
and  included  natives  of  the  most  various  countries.  The  result  of 
this  whole  research  may  be  summed  up  in  the  single  sentence : 
"  Whenever  plants  which  are  the  offspring  of  self-fertilisation  are 
opposed  in  the  struggle  for  existence  to  the  offspring  of  cross- 
fertilisation,  the  latter  have  the  advantage ;  "  whence  it  is  clear 
that  all  peculiarities  which  aid  cross-fertilisation  will  be  retained 
and  perfected  by  natural  selection.  But  if  the  direct  rivalry  does 
not  occur,  self-fertilisation  may  suffice  for  the  propagation  of  the 
organism  for  an  unlimited  number  of  generations,  producing  healthy 
and  fertile  offspring. 

A  third  line  of  research  prosecuted  by  Darwin  with  the  same 
success,  namely  the  experimental  study  of  dimorphic  and  trimorphic 
plants,  took  away  the  last  shadow  of  foundation  from  the  old 
belief  that  species  differ  radically  from  varieties,  and  threw  some 
light  upon  the  obscure  question  of  hybridisation.  Sprengel  had 
remarked,  in  discussing  Hottonia  palustris  (p.  103) :  "  Some 
plants  bear  only  flowers  whose  anthers  are  included  within  the  tube 
but  whose  style  is  exserted,  and  others  bear  only  flowers  whose 
style  is  shorter  and  whose  stamens  are  longer  than  the  tube  of  the 
corolla.  I  believe  that  this  is  not  accidental  but  that  it  is  a 
disposition  of  nature,  though  I  am  not  able  to  suggest  its  purpose." 
Subsequently  this  peculiar  phenomenon  of  long-styled  and  short- 
styled  plants  was  recognised  in  several  other  species,  and  in 
Lythrum  salicaria  three  forms  were  found,  long-styled,  mid-styled, 
and  short-styled,  without  any  further  use  being  made  of  the  facts. 
Darwin  subjected  the  peculiar  sexual  relations  of  these  plants, 
which  he  called  dimorphic  and  trimorphic,  to  a  closer  considera- 
tion ;  he  also  performed  numerous  experiments,  crossing  the  plants 
in  various  ways,  and  cultivating  the  produce  of  the  various  unions. 
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The  final  result  of  these  researches,  which  were  marked  by  all 
his  usual  care  and  patience,  may  be  summed  up  in  the  following 
statements  : — 

In  dimorphic  heterostyled  plants  (species  of  Primula,  Pul- 
monaria,  Linum,  etc.)  two  forms  exist,  in  fairly  equal  numbers 
and  gTowing  for  the  most  part  near  together ;  while  in  other 
respects  completely  or  almost  completely  alike,  they  differ  from 
one  another  in  this  particular,  that  in  the  flowers  of  the  one 
form  the  anthers  stand  distinctly  above  the  stigma,  while  in  the 
other  form  the  positions  are  reversed ;  further,  that  in  each  form 
the  anthers  stand  at  the  same  level  as  the  stigma  in  the  other ; 
and  finally,  that  in  the  long-styled  form  the  stigma  is  rough  and 
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I—  10,  Primula  elatior.  1 — 5,  long-styled  flower  ;  6— 10,  short-styled  flower  ;  2,  7,  pollen-grains, 
dry  ;  3,  8,  ditto,  moist ;  4.  0,_j3tigma  ;  5,  10,  stigmatio  papilla;. 

II—  18,  Pulmonaria  officinalis.  11,  loug-stylt  d  flower  in  section  ;  12,  pollen-grains  of  ditto,  dry  ; 
13,  ditto,  moist;  14,  short-styled  flower;  15,  pollen-grains  of  ditto,  dry;  16,  ditto,  moist;  17,  is, 
stigma  and  stigmatic  papillae  common  to  both  forms. 

furnished  with  long  papillae  and  the  pollen-grains  are  small,  while 
in  the  short-styled  form  the  stigmatic  papillae  are  short  and 
close-set  and  the  stigma  seems  smooth  and  the  pollen-grains  are 
larger.  In  trimorphic  heterostyled  plants  {Lytlirum  salicaria)  there 
exist  three  forms,  one  with  long-styled,  one  with  mid-styled,  and 
one  with  short-styled  flowers  ;  and  in  each  form  there  are  two 
whorls  of  stamens  whose  anthers  stand  respectively  at  the  same 
height  as  the  stigmas  in  the  other  two  forms ;  the  tallest  stamens 
produce  the  largest  pollen-grains,  and  the  shortest  produce  the 
smallest. 
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Insects  which  visit  the  different  kinds  of  flowers  by  turns  in  the 
same  way,  must,  since  the  same  parts  of  their  bodies  always  touch 
organs  at  the  same  height  in  the  flower,  effect  cross-fertilisation 
both  in  dimorphic  and  trimorphic  plants  in  such  a  way  that 
the  stigma  in  one  form  of  flower  always  receives  pollen  from 
anthers  which  stand  at  the  same  height  in  another  form.  Such 
crossing,  which  is  the  mode  commonly  occurring  in  nature  and  in 
which  the  size  of  the  pollen-grain  is  always  proportional  to  the 
length  of  the  style  that  its  tube  has  to  traverse,  was  called  by 
Darwin  legitimate.  In  dimorphic  heterostyled  plants  there  are 
thus  two  ways  in  which  legitimate  fertilisation  is  possible,  both 
occurring  regularly  in  nature,  viz.,  the  fertilisation  of  long-styled 
flowers  with  the  pollen  of  short-styled,  and  vice  versa;  similarly 
there  are  in  such  cases  two  kinds  of  illegitimate  fertilisation,  viz., 
long-styled  flowers  with  the  pollen  of  long- styled,  and  short-styled 
with  the  pollen  of  short-styled.  In  trimorphic  heterostyled 
plants,  on  the  other  hand,  six  modes  of  legitimate  cross-fertilisa- 
tion are  possible  and  occur  regularly  in  nature ;  and  there  are 
twelve  modes  of  illegitimate  crossing,  since  each  of  the  three 
kinds  of  stigmas  is  illegitimately  fertilised  if  it  receives  pollen 
from  either  whorl  of  stamens  in  a  flower  of  its  own  form  or  from 
one  whorl  of  stamens  in  each  of  the  other  two.  Now  Darwin 
found,  when  he  tried  all  the  four  modes  of  crossing  in  the 
dimorphic  plants  and  all  the  eighteen  modes  in  the  trimorphic 
plants,  and  sowed  the  seeds  from  the  resulting  capsules  and 
again  crossed  the  offspring  in  various  ways,  that  only  the  "  legiti- 
mate "  crossings  resulted  in  full  fertility,  and  produced  normal 
and  fully  fertile  offspring ;  while,  on  the  other  hand,  illegitimate 
crossings  led  to  all  degrees  of  diminished  fertility  or  even 
complete  barrenness,  and  produced  offspring  which  had  all  the 
characters  of  bastards  produced  by  the  union  of  distinct  species. 

The  result  of  these  investigations  was  particularly  favourable  to 
Knight's  law,  since  it  proved  that  in  heterostyled  plants  not  only 
the  occasional  crossing  of  separate  flowers,  but  the  regular  crossing 
of  separate  individuals  was  absolutely  essential  for  the  maintenance 
of  the  species.  At  the  same  time  it  broke  down  the  sharp 
boundary-line  between  Species  and  Variety  which  had  formerly 
been  supposed  to  be  found  in  the  more  or  less  complete  sterility  of 
hybrids  produced  by  crossing  distinct  species ;  and  it  showed,  more- 
over, by  the  complete  resemblance  between  the  offspring  of 
illegitimate  unions  in  dimorphic  and  trimorphic  plants  and  the 
bastard  offspring  of  distinct  species,  that  in  the  latter  sterility  both 
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at  first  and  in  the  bastard  offspring  is  not  due  to  differences  in  the 
general  structure,  but  exclusively  to  a  difference  in  the  action 
of  the  reproductive  elements. 

Attracted  by  Darwin's  brilliant  researches  on  heterostyled  plants 
(1861-1868),  many  other  investigators  have  since  worked  at  the 
same  subject.  Darwin  has  collected  their  results,  controlling  them  . 
by  his  own  observations  and  experiments  and  incorporating  them 
with  the  results  of  his  later  investigations.  His  book  contains  all 
that  we  certainly  know  as  yet  concerning  heterostyly,  and  treats  also 
as  comprehensively  of  polygamous,  dioecious,  and  cleistogamic 
plants.  It  restricts  the  name  polygamous  to  plants  which  possess 
male,  female,  and  hermaphrodite  flowers,  and  introduces  the  fol- 
lowing new  terms  :  gynodicecious,  for  plants  which  have  hermaphro- 
dite and  also  purely  female  individuals ;  androdioscious,  for  plants 
which  consist  of  hermaphrodite  and  purely  male  individuals  ;  gyno- 
monoecious,  for  plants  which  have  hermaphrodite  and  purely  female 
flowers  upon  the  same  individual ;  andromonoecious,  for  plants  in 
which  one  individual  bears  hermaphrodite  and  male  .flowers. 

The  most  complete  collection  of  all  the  known  facts  which 
contribute  to  prove  Knight's  la.w  is  given  by  Darwin  in  his  work 
on  the  Variation  of  Animals  and  Plants  under  Domestication,  in 
which  he  suggests  many  new  and  fruitful  lines  of  research ;  but 
the  three  methods  of  investigation  which  Darwin  originally  used 
have  been  the  chief  aids  in  investigating  the  determining  con- 
ditions of  the  forms  of  flowers.  Numerous  observers,  among  whom 
Friedrich  Hildebrand,  Federico  Delpino,my  brother  Fritz  Muller,and 
Severin  Axell  deserve  special  mention,  have  pushed  forward  along 
these  new  paths  that  Darwin  opened  ;  they  have  not  only  brought  to 
light  a  mass  of  new  facts,  all  tending  to  elucidate  floral  mechanisms 
on  the  basis  of  the  Knight-Darwin  law,  but  they  have  also  disclosed 
many  new  general  principles.    These  we  may  briefly  revieAV. 

Hildebrand,  in  several  laborious  works,  demonstrated  that  many 
floral  contrivances  which  Sprengel  had  investigated,  but  had 
explained  on  the  theory  of  self-fertilisation,  were  really  adapted 
for  regular  cross-fertilisation ;  and  he  explained  on  the  same 
principle,  and  in  most  cases  figured,  many  forms  that  Sprengel  had 
not  examined.  He  extended  the  list  of  dimorphic  and  trimorphic 
plants,  and  applied  Darwin's  experiments  to  Primula  sinensis, 
Pulmonaria  officinalis,  and  several  species  of  Oxalis ;  he  also 
performed  artificial  self-fertilisation  on  these  forms,  and  found  that 
it  led  in  general  to  even  greater  sterility  than  the  illegitimate 
crossings.    By  his  experiments  on  Corydalis  cava,  he  showed  that 
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self-fertilisation,  which  occurs  spontaneously  in  all  flowers  of  this 
plant,  is  completely  inoperative,  that  even  crossing  of  different 
flowers  ou  the  same  individual  gives  a  very  poor  yield,  and  that 
only  the  crossing  of  separate  plants  results  in  full  produc- 
tiveness. A  powerful  objection  to  the  Knight-Darwin  law 
was  removed  by  this  discovery.  Finally,  in  his  Geschlechter- 
Vertheihcng  lei  den  Pfianzen  (1867),  he  has  striven  to  show  that 
throughout  Phanerogams  cross-fertilisation  of  separate  individuals 
either  takes  place  in  all  cases,  or  does  so  for  the  most  part,  or  is  at 
least  possible;  and  he  has  given  the  following  classification  of 
phanerogamic  flowers  according  to  the  completeness  with  which 
they  exclude  self-fertilisation  :  — 

A.  Male  and  female  organs  in  different  flowers  (diclinisni). 

Cross-fertilisation  ensured,  and  effected  by  insects  or  by  the 
wind.    Ex.  Cannabis. 

P>.  Male  and  female  organs  in  one  and  the  same  flower  (monoclinism). 

1.  The  organs  of  the  two  sexes  not  developed  simultaneously  (dichogamy). 

(a)  The  male  before  the  female.1    Ex.  Geranium  pratense. 

(b)  The  female  before  the  male,2    Ex.  Luzida  pilosa. 

Self  fertilisation  usually  prevented,  and  cross- fertilisation 
effected  by  insects. 

2.  The  organs  of  both  sexes  developed  simultaneously  (homngamy). 
(a)  Flowers  expanding  (flores  chasmugami,  Axell). 

I.  Anthers  distant  from  the  stigma. 
a.  Styles  of  different  lengths  on  different  plants  of  the  same 
species   (Heterostyly,   Hild.  ;  dimorphism  and  trimorphism, 
Darwin). 

Self-fertilisation  not  altogether  prevented,  but  either  quite 
inoperative  {Pulmonaria  officinalis)  or  yielding  little 
result  (Primula  sinensis). 
/3.  Styles  of  the  same  length  in  all  the  flowers  (Homostyly). 

*  Reproductive  organs  changing  their  relative  positions  during 
the  flowering  period. 

Self-fertilisation  avoided,  cross  fertilisation  effected  by 
insects.    Ex,  Anoda  hastata. 
**  Reproductive  organs  remain  unchanged  in  position  during 
the  flowering  period. 
■\  The  aid  of  insects  necessary  for  fertilisation. 

Self-fertilisation  to  a  great  extent  impossible,  and  cross- 
fertilisation  necessary.  Ex.  Orehldacem.  Self-fertilisation 


1  Sprengel  calls  this  species  of  dichogamy,  male-female,  or  dicJwgamia  androgyiui ; 
Hildebrandt  protandrous  ;  Delpino,  proterandrous.  _ 

-  Sprengol  calls  this  species  of  dichogamy,  female-male,  or  dw/wgamia  gynandra  : 
Hildebrand?  protogynous;  Delpino,  proterogynous.  Delpino  distinguishes  two 
varieties  viz  proteroqynia  brachybiostigmatica,  where  the  stigmas  are  short-lived 
and  wither  before  the  'anthers  ripen  ;  and  proterogynia  mMrobwtigmatwa,  where 
the  stomas  remain  capable  of  fecundation  until  the  anthers  arc  mature,  and  where 
consequently  self- fertilisation  remains  possible. 
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to  a  certain  extent  possible,  but  not  necessary  ;  cross- 
fertilisation  more  probable.    Ex.  Asdepiadem. 
j-f  The  aid  of  insects  not  essential. 

Self- fertilisation  possible,  but  cross-fertilisation  also  effected 
by  insects. 

II.  Anthers  lying  close  to  the  stigma  ;  self-fertilisation  inevitable. 
*  No  seed  produced  without  cross-fertilisation,  which  is  effected 
by  insects.    Ex.  Corydalis  cava. 
**  Seed  is  produced  on  self- fertilisation,  but  cross- fertilisation  by 
insects  is  not  excluded. 
(b)  The  flowers  never  expand  (flores  cleistogami,  Kuhn). 

Only  self- fertilisation  occurs,  and  all  cross- fertilisation  is 
excluded  ;  but  the  plants  have  other  flowers  which  open 
and  are  liable  to  cross- fertilisation.  Ex.  Oxalis  acetosella. 

Although  the  statements  contained  here  with  reference  to  the 
possibility  of  cross-  or  self-fertilisation  have  turned  out  not  to  be 
universally  correct,  and  although  the  divisions  merge  into  one 
another  by  many  intermediate  forms,  as  Hildebrand  himself 
allowed,  yet  Hildebrand's  scheme  is  very  well  adapted  to  serve 
as  an  artificial  classification  for  the  consideration  of  individual 
cases. 

Delpino  described  the  structure  of  very  many  flowers  belonging 
to  the  most  distant  orders,  showing  them  all  to  be  adapted  for 
cross-fertilisation.  His  descriptions  are  so  clear  and  minute  that 
be  dispenses  to  a  large  extent  with  illustrations.  In  many  cases 
he  has  directly  observed  the  fertilising  agents,  and  he  states  at 
least  the  families  or  genera  to  which  they  belong.  He  has  shown 
that  water  as  well  as  wind,  and  snails  and  honey-sucking  birds  as 
well  as  insects,  play  a  part  in  the  conveyance  of  pollen.  He  has 
shown  in  the  most  diverse  instances  how  the  form  of  the  flower  is 
determined  by  the  special  fertilising  agent,  and  in  several  families 
(Marcgraviacece,  Marantacece,  Artemisiacece,  &c.)  he  has  made  happy 
use  of  the  gradual  stages  in  adaptation  to  special  fertilising  agents 
in  order  to  trace  the  mutual  genetic  relations  of  the  members  of 
the  family.  He  has  also  shown  strong  evidence  that  in  many  cases 
the  distributional  area  of  a  species  is  determined  in  the  first 
instance  by  the  presence  of  that  animal  which  the  flower  has 
become  adapted  to  be  cross-fertilised  by.  And  finally,  choosing  the 
various  means  of  transport  for  the  pollen  as  his  basis  of  classifica- 
tion, and  taking  advantage  ingeniously  of  the  almost  complete  want 
of  direct  observations  on  the  cross-fertilisation  of  Cryptogams,  he 
evolved  the  following  scheme  of  the  whole  vegetable  kingdom,  in 
all  of  whose  members  he  also  is  of  opinion  that  cross-fertilisation 
is  either  certain,  or  probable,  or  at  least  possible. 
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I.  Plants  with  Motile  Reproductive  Elements 

(Zoogamoe). 

Fucacese,  CharaceaB,  Protoneinese  (Mosses  and  Liverworts),  and 
Proembryonatse  (Ferns,  Horse-tails,  Rhizocarps,  and  Club-mosses), 
whose  antherozooids,  corresponding  to  the  spermatozooids  of 
animals,  are  endowed  with  spontaneous  movement.  Nearly  allied 
to  these  are  the  Diatoms  and  Conjugatse,  in  which  the  whole 
individual  is  motile. 

II.  Plants  which,  require  External  Aid  to  bring  their 
Reproductive  Elements  together  {Diamesogamai). 

A.  Plants  fertilised  by  the  agency  of  water  (hydrophilce). 

B.  Plants  fertilised  by  the  wind  (anemophilce). 

C.  Plants  fertilised  by  the  aid  of  small  animals  (zoidiophilcv). 

A.  Plants  Fertilised  by  the  Agency  of  Water. 

Delpino  subdivides  this  class  into  two  : — 

1.  Plants  adapted  for  fertilisation  under  water.  These  require 
for  cross-fertilisation  that  the  stigma  or  the  pollen-grains,  or  both, 
should  be  thin  and  filiform,  and  that  the  pollen  should  be  abundant 
and  of  like  specific  gravity  to  the  water  (Posidonia,  Gymodocca, 
Zostera,  Ceratophyllum,  Floridecz). 

2.  Plants  adapted  for  fertilisation  at  the  surface  of  the  water. 
In  these  the  pollen  is  specifically  lighter  than  water,  or  is  borne 
upon  a  floating  raft ;  the  peduncles  of  the  female  flowers  elongate, 
sometimes  aided  by  their  spiral  form,  to  bring  the  flowers  to  the 
surface  of  the  water  [Ruppia,  Vallisncria). 

B.  Plants  Fertilised  by  the  Wind. 

The  only  positive  character  common  to  these  is  their  smooth 
and  easily  scattered  pollen ;  the  negative  characters  common  to 
them  are  absence  of  bright-coloured  floral  envelopes,  of  perfume, 
and  of  honey. 

1.  The  Gymnosperms  are  all  wind-fertilised,  and  are  charac- 
terised by  the  absence  of  a  stigma. 

2.  The  anemophilous  Angiosperms  have  for  the  most  part 
enormously  developed  stigmas,  which  project  in  the  form  of  long 
tails  brushes,  laminae,  or  discs;  their  male  flowers  are  very  seldom 
immovable,  but  are  generally  easily  shaken  by  the  wrnd,  cither  the 
axis  of  the  male  inflorescence,  or  the  peduncles  of  the  male  flowers, 
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or  the  filaments  themselves,  being  long  and  pendulous ;  in  some 
cases  the  stamens  are  explosive,  and  project  all  the  pollen  into  the 
air.  The  following  five  varieties  may  be  distinguished  among 
anemophilous  Angiosperms : — 

(a)  Forms  with  catkins,  in  which  the  axis  of  the  male 
inflorescence  is  movable.    Ex.  Corylus,  Betula. 

(b)  Forms  with  pendulous  flowers.  Ex.  Negundo  fraxinifolium, 
Eumex. 

(c)  Forms  with  long  stamens.  This  is  tbe  most  common  variety, 
including  almost  all  Graminece,  Cypcracece,  Juncacece,  Cannabis, 
Humuhis,  Empetrum,  Meratrialis,  Ricinus,  Plantago,  Littorella, 
Callitrichc,  Myriophyllum,  ECippuris,  the  anemophilous  species  of 
Tlialidrum,  &c. 

(<rZ)  Explosive  forms.    Ex.  Urtica,  Parietaria,  Morus. 
(e)  Forms  with  immovable  flowers.    Ex.  many  Palms,  Potamo- 
geton,  Triglochin,  Sparganmm,  Typha. 

C.  Plants  Fertilised  by  Animals. 

These  usually  possess  bright  colours  or  perfumes,  and  supply 
food  to  their  fertilisers.  The  following  classification  has  been 
supplied  to  me  by  Delpino,  by  letter  : — 

I.  Ornithophil/E. — These  plants  are  adapted  for  fertilisation 
by  birds,  which  come  in  search  either  of  honey  or  of  small  insects 
(Trochilidm,  Nectarinia,  etc.).  They  present  several  different  types. 
What  is  known  concerning  them  is  founded  chiefly  on  the  reports 
of  travellers  who  were  ignorant-  of  the  principles  that  should  guide 
their  investigation.  Many  of  them  possess  large  brilliantly-coloured 
flowers,  very  frequently  scarlet,  pouched  in  form,  upright  in  position, 
and  secreting  great  abundance  of  honey. 

II.  Entomophil^e. — Plants  whose  flowers  are  adapted  for 
fertilisation  by  insects.  To  this  group  belong  all  our  native  flowers 
which  possess  perfume  or  bright  colours. 

III.  MALACOPHiLiE.— Plants  whose  flowers  are  adapted  for 
fertilisation  by  snails.  (These  have  as  yet  been  observed  by 
Delpino  only.)  The  flowers  are  crowded  so  closely  together,  that 
the  snails  in  creeping  over  them  must  come  in  contact  both  witli 
pollen  and  stigmas.  Tbe  plants  are  protected  from  the  ravages  of 
their  voracious  guests,  either  by  secreting  an  acrid  fluid  which  kills 
the  snails  (Alocasia  odora),  or  by  metamorphosis  of  the  perianth 
into  a  thick  fleshy  tissue,  with  whose  destruction  the  snails  are 
content  {EJiodea  japonica). 
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In  further  subdividing  entomophilous  plants,  Delpino  omits  all 
those  plants  which  can  be  fertilised  equally  well  by  insects  of  various 
orders,  and  limits  himself  to  forms  which  he  considers  to  be  adapted 
for  particular  insects.    As  such  he  distinguishes : — 

1.  Melittophilce  ;  plants  adapted  for  fertilisation  by  (the  larger) 
bees.  These  have  diurnal  flowers,  with  colours  and  scents  attractive 
to  man  also,  partly  with  concealed  honey  {Salvia  pratensis),  partly 
devoid  of  honey,  and  in  that  case  with  the  pollen  inclosed  within 
the  flower  and  only  becoming  apparent  on  special  treatment 
(Genista  tinctoria). 

2.  Microvielittopliilai ;  plants  adapted  for  fertilisation  by  the 
smaller  bees  (and  very  many  other  small  insects).  These  flowers 
possess  quite  incomprehensible  attractions  for  their  visitors,  far 
more  than  in  any  other  plants  (Hcrminiurn  Monorchis). 

3.  Myiophilce ;  plants  adapted  for  fertilisation  by  various 
Diptera.  Their  flowers  present  for  the  most  part  dull  (yellowish, 
wine-red,  speckled)  colours,  their  odour  is  for  the  most  part  disagree- 
able both  to  man  and  to  bees,  and  they  display  either  an  exposed 
surface  of  honey  or  else  pollen  only  for  their  visitors  (Mconymus). 

4.  Micromyiophilaz ;  plants  adapted  for  fertilisation  by  minute 
Diptera.  The  flower  or  the  inflorescence  forms  a  chamber  with 
a  narrow  entrance,  often  a  temporary  prison  for  the  fertilising 
agents  ;  honey  is  produced  as  a  thin  adhesive  layer,  or  may  be  absent, 
in  which  case  the  pollen  is  abundant  (Aristolochia  Clematitis,  Arum). 

5.  Sapromyiophilce  ;  plants  adapted  for  fertilisation  by  carrion- 
flies  and  dung-flies.  The  flowers  have  a  putrid  smell,  but  the 
other  characters  of  the  group  resemble  those  of  the  Myiophilae 
(Stapelia,  RajjUesia). 

6.  Cantharophilai ;  plants  adapted  for  fertilisation  by  beetles. 
These  are  large  diurnal  flowers  of  striking  colours,  affording  con- 
venient shelter,  and  containing  an  exceedingly  large  supply  of 
pollen  besides  occasionally  some  easily  accessible  honey  {Magnolia). 

7.  Fsyclwpliilm ;  plants  adapted  for  fertilisation  by  diurnal 
Lepidoptera.  These  have  brightly-coloured  diurnal  flowers,  whose 
honey  is  concealed  at  the  base  of  a  very  narrow  tube  (Bianthus). 

8.  Sphingophilai ;  plants  adapted  for  fertilisation  by  Hawk-moths 
(Sphingida?)  and  Noctuae.  These  have  light-coloured  nocturnal 
flowers,  with  a  strong  sweet  scent,  whose  honey  is  concealed  at 
the  base  of  a  very  long  tube  or  spur  (Lonioera  Caprifolium, 
Platdnthera).1 

i  Since  the  above  was  written,  Delpino  lias  completed  his  work,  UUeriori  osa  r- 
mzioni  suite  dieogamia  ml  regno  vegetale,  and  in  it  the  contrivances  by  wind. 
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My  brother,  Fritz  Midler,  has  made  many  interesting  observations 
on  South  Brazilian  plants,  in  all  the  three  lines  of  research  which 
Darwin  instituted.  His  results  have  been  contributed  partly  to 
the  Jenaische  Zeitschrift  and  Botanische  Zdtung,  partly  to  Darwin's 
Variation  of  Animals,  etc.,  and  are  partly  published  for  the  first 
time  in  this  book.  He  has  found  in  the  case  of  various  orchids 
that  they  are  not  only  sterile  to  their  own  pollen,  but  even  that 
the  pollen  and  stigma  of  the  same  flower  act  as  fatal  poisons  to 
one  another.  In  various  flowers  (Ghamissoa,  Epidcndrum)  he  has 
discovered  special  contrivances  in  the  act  of  being  evolved,  and 
especially  in  Posoqueria  and  Faramea  he  has  given  clear  proof 
that  certain  peculiarities,  advantageous  under  the  given  conditions, 
have  by  no  means  attained  their  full  perfection.  The  proof  of  this 
fact  deserves  special  attention  as  a  strong  objection  to  the  teleolo- 
gical  theory.  His  comprehensive  observations  on  Brazilian  orchids 
will,  it  may  be  hoped,  soon  be  published  in  a  special  work. 

Severin  Axell  published  in  1869  a  book  on  the  floral  mechanisms 
of  Phanerogams.  It  contains  a  clear  historical  review  of  the  growth 
of  our  knowledge  of  the  sexual  relations  of  plants,  and  describes 
some  new  investigations  of  floral  mechanisms  and  some  experiments 
on  the  fertility  of  plants  after  self-fertilisation,  It  is  remarkable 
for  divesting  of  a  certain  onesidedness  the  conception  that  had 

flowers  are  adapted  for  cross-fertilisation  by  animals  are  fully  treated  and  very  clearly 
arranged.    He  distinguishes  : — 

1.  Adaptations  which  affect  the  senses  of  sight  and  smell  in  the  fertilising 

agents. 

(a)  Colour. 
(6)  Scent. 

2.  Adaptations  which  affect  the  sense  of  taste  :  the  attractions  of  pollen,  honey, 

and  other  food-materials. 

3.  Arrangements  which  direct  the  actions  of  the  fertilising  agents,  and  make 

them  more  effective. 

(«)  Increase  of  conspicuousuess  by  heliotropy,  the  position  and  grouping 
of  the  flowers,  enlargement  of  particular  organs,  etc. 

(b)  The  development  of  certain  parts  convenient  for  alighting  on  or 

standing  on. 

(«)  Arrangements  for  preserving  the  nectar  for  the  use  of  the  fertilising 
agents.  ° 

(d)  Arrangements  for  promoting  the  transfer  of  pollen  from  the  anthers 

to  the  body  of  the  fertilising  agent,  and  thence  to  the  stigmas. 

(e)  Arrangements  for  ensuring  the  transport  of  pollen  from  one  flower  to 

another,  or  from  one  individual  plant  to  another. 
(/)  Arrangements  for  regulating  the  number  of  visits  of  the  fertilisinc 

agents.  ° 
((/)  Arrangements  for  adapting  the  flowers  to  particular  fertilising  agents. 

,  t  Sffll  ?-e<?in°  K!VeSfn  classification  of  flowers  according  to  their  different  types, 
yl'\  £Sm*?£a?  forty-seven,  and  he  appends  some  remarks  on  the  fertilising 
igcms  oi  plants  and  their  habits. 
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become  here  and  there  prevalent  of  the  significance  of  cross- 
fertilisation;  and  also  for  attempting  to  arrange  all  the  floral 
mechanisms  of  Phanerogams  in  a  series,  according  to  their  natural 
development  from  less  perfect  to  more  perfect  forms. 

The  first  impulse  to  the  new  investigation  of  flowers  had  been 
given  by  Darwin's  notion  of  a  general  law  that  no  organised  being 
fertilises  itself  for  an  unlimited  number  of  generations,  or,  as 
Darwin  put  it,  that  nature  abhors  perpetual  self-fertilisation.  And 
it  was  natural  that  those  investigators  who  worked  upon  the  lines 
laid  down  by  Darwin  should  look  upon  the  contrivances  that  were 
favourable  to  cross-fertilisation  and  unfavourable  to  self-fertilisation 
as  so  many  proofs  of  the  truth  of  Darwin's  conjectural  law.  But 
they  neglected  to  consider  those  flowers  which  frequently  or 
regularly  fertilise  themselves ;  or,  if  such  flowers  forced  them- 
selves upon  their  notice,  they  were  looked  upon  as  isolated  excep- 
tions, and  self-fertilisation  was  considered,  in  spite  of  them,  as 
throughout  injurious  to  plants.  For  instance,  Hildebrand  in  1867 
says :  "  In  most  plants  self-fertilisation  is  avoided  by  special 
contrivances  or  even  rendered  impossible,  or  if  it  does  take 
place  it  is  at  least  injurious  ; "  and  in  1869  he  tries  to  prove 
"  the  law  of  the  avoidance  of  self-fertilisation,"  and  to  treat  as 
isolated  exceptions  Calceolaria  pinnata  and  Morina  elegans,  in 
which  he  had  found  self-fertilisation  to  take  place  regularly  when 
insect-visits  fail.  Similarly,  in  Delpino's  writings  until  1869 
the  idea  recurs  in  many  places,  quite  definitely,  that  "  nature  in 
general  abhors  self-fertilisation,"1  while  Darwin  had  only  spoken  of 
perpetual  self-fertilisation.  Now  Axell  justly  showed  that  this 
conception  entertained  by  Hildebrand  and  Delpino  was  unfounded, 
for  he  brought  forward  in  opposition  to  it  the  facts  that  in  many 
flowers  self-fertilisation  inevitably  takes  place  in  default  of  insect- 
visits,  and  that  he  himself  had  proved  by  experiment  in .  many 
cases  that  such  self-fertilisation  results  in  the  production  of  good 
seed ;  further,  that  many  aquatic  plants,  which  under  ordinary 
circumstances  expand  their  flowers  at  the  surface  of  the  water  and 
are  cross-fertilised  by  the  wind  or  by  insects,  remain  closed  and 
submerged  when  the  water  is  unusually  high,  and  in  such  circum- 
stances fertilise  themselves  and  produce  seeds  which  propagate  the 
species;  and  finally,  that  many  terrestrial  plants,  with  irregular 
flowers  which  render  self-fertilisation  impossible,  produce,  instead 
of  these  or  along  with  these,  other  flowers  of  simple  structure 

i  For  instance,  in  No.  177,  B-  &6,  "  l/iuitijmtin  die  ha  la  natuiaper  le  no«e 
consanguinee  "  (1860). 
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which  remain  closed  (Jiorcs  cl&istogami,  Kuhn)  and  produce  seed 
regularly  by  self- fertilisation.  He  supposed  that  the  existence  of 
cleistogamic  flowers  was  due  partly  (e.g.  Lamium  amplexicaiUc)  to 
low  temperature,  which  hindered  the  development  of  the  ordinary 
flowers,  and  partly  to  failure  of  the  insects  which  under  normal 
circumstances  effected  cross-fertilisation. 

By  this  explanation,  Axell  rectified  the  conception  that  was  so 
distinctly  uttered  by  Hildebrand  and  Delpino  in  their  earlier 
writings,  viz.,  that  cross-fertilisation  is  advantageous  and  self- 
fertilisation  disadvantageous  for  plants,  by  showing  that  though 
cross-fertilisation  is  better  than  self-fertilisation,  yet  self-fertilisation 
is  infinitely  better  than  absence  of  fertilisation  and  consequent 


Fid  2. -Cleistogamic  and  ordinary  flowers  of  Lamium  ampkxicaule. 


1-1,  large  ordinary  flower,  not  quite  twice  natural  size.  1,  entire  flower  -  <>  nhUhim  „w  r 
!"»>  and  ot™og4ntherS  Sti8ma  1  3'  ™  PaVt  °f  °°r0lla  ^  b^  tne  flower" o,:1;!^.'  I,  Sary 
<J^f^^M^  ^-cleistogamic  flower  fro,  W 

from  helow;  8,  corolla  of  a  cleistogamic f  flow^noP»ed,'  from'beC'  T^A^i  T 
.■leistoga.mc  flower  undergoing  self-fertilisation,  two  stamens  havin"  been  IS  in  S  S  "'  ''1 
nectary  seen  from  the  front  and  right.  "»vmg  Deen  lemoved  ;  10,  ovary  and 

sterility;  and  he  also  removed  by  his  elucidation  of  deistbgamic 
flowers  one  great  objection  to  the  Knight-Darwin  law— the 
argument  which  was  used  against  it  by  H.  von  Mohl. 

Axell  founds  his  attempt  to  classify  all  floral  mechanisms  of 
lhanerogams  in  the  natural  order  of  their  development  upon  two 
laws  which  he  lays  down  as  axioms :  (1)  Nature  strives  to  increase 
as  much  as  possible  the  number  of  individuals  in  each  species; 
and  2)  she  strives  to  attain  the  greatest  possible  results  by  the 

sandpomt  which  personifies  nature,  Axell  had  risen  to  the 
objective  conception  of  nature  which  Darwin  founded,  he  might 

c  2 


20 


THE  FERTILISATION  OE  ELOWERS.         [paiu  i. 


have  stated  these  two  laws  somewhat  as  follows :  (1)  every  species 
of  animal  and  plant  has,  in  otherwise  similar  circumstances,  the 
greater  prospect  of  survival  in  the  struggle  for  existence,  the  more 
numerous  the  offspring  that  it  leaves;  (2)  every  individual  may, 
under  otherwise  similar  conditions,  be  preserved  the  more  easily 
in  the  struggle  for  existence,  the  simpler  its  requirements  are. 
He  would  not  then  have  required  to  state  these  laws  as  axioms, 
for  they  are  seen  to  he  immediate  consequences  of  the  theory  of 
natural  selection.     Starting  from  these  two  laws,  Axell  saw  in 
every  economy  of  material,  space,  or  time,  an  improvement  in  the 
mechanism  of  the  flower.    Accordingly  he  considers  the  arrange- 
ment in   anemophilous  flowers  the  most  primitive  and  most 
imperfect  form  amongst  Phanerogams,  since  it  necessitates  an 
immense  waste  of  pollen,  which  is  avoided  in  cross-fertilisation 
by  insects.     In  both  the  anemophilous  and  the  entomophilous 
sections,  Axell  recognises  a  further  advance  in  the  transition  from 
dioecious  to  monoecious  and  monoclinic  forms,  since  in  this  arrange- 
ment there  is  not  only  increased  economy  of  material  (floral 
envelopes,  pollen),  but  increasing  certainty  of  sexual  reproduction. 
In  the  group  of  monoclinic  entomophilous  flowers,  Axell  considers 
that  a  further  advance  is  shown  in  passing  from  dichogamic  to 
herlcogamic  flowers  (those  in  which  self-fertilisation  is  hindered 
by  the  relative  positions  of  the  parts),  and  from  these  to  the 
heterostylic  (dimorphic  and  trimorphic),  and  finally  from  these 
to  the  homostylic  plants  with  irregular  flowers  and  again  to  those 
with  regular  flowers. 

According;-  to  Axell,  the  forms  which  stand  nearest  to  the  diclinic 
entomophilous  flowers  are  the  dichogamic,1  as  in  both  of  these 
types  two  insect-visits  are  necessary  for  each  act  of  fertilisation, 
and  many  insect-visits  which  are  paid  successively  to  flowers  in 
the  same  stage  of  development  remain  useless  to  the  plant. 
Among  homogamic  entomophilous  flowers,  the  herkogamic,  in 
Axell's  opinion,  share  with  the  dichogamic  forms  the  disadvantage 
of  not  being  able  to  fertilise  themselves  in  case  of  need ;  but  they 
stand  one  stage  higher,  since  each  act  of  fertilisation  requires  only 
a  single  insect-visit.  This  is  also  the  case  in  heterostylic  forms, 
which  according  to  Axell  stand  yet  a  stage  higher,  since  in  them 
self-fertilisation,  though  very  difficult,  is  not  impossible.  Finally, 

i  Axell  allows  the  quite  unfounded  supposition  that  the  corolla  begins  to  wither 
•ind  the  secretion  of  honey  ceases  as  soon  as  pollen  is  applied  to  the  stigma  to  lead 
i    ,     to  the  equally  erroneous  conclusion  that  proterandrous  dichogamy  only  i 
SSible  in  entomophilous  flowers;  and  this  conclusion  loads  him  fo  doubt  the 
accuracy  of  many  observations  which  are  opposed  to  his  new. 
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among  homostylic  forms,  in  which  the  possibility  of  self-fertilisa- 
tion is  unchecked,  those  with  regular  flowers  stand,  according  to 
Axell,  on  a  higher  grade  that  those  with  irregular  flowers,  since 
they  permit  the  visits  of  more  various  insects.  Axell  thus  arrives 
at  the  following  order  of  development : — 

A.  Flowers  which  are  fertilised  by  the  aid  of  an  extraneous 

medium  of  transport  {floras  chasm ogami). 
I.  Anemophilous  forms  :  («)  -  dioecious,  (b)  monoecious,  (c) 
dichogamic  (proterogynous),  (d)  homogamic. 
II.  Entomophilous  forms  : 

a.  Self-fertilisation  hindered  by 

1.  Diclinism    ]  Two  insect-visits  necessary  for  each 

2.  Dichogamy  j     act  of  fertilisation. 

3.  Herkogamy     .    .    .    .     \  Only  one  insect-visit 

b.  Self-fertilisation  not  hindered,  y     necessary  for  each 
1.  Heterostyly.  2.  Homostyly  J     act  of  fertilisation. 

B.  Flowers  which  fertilise  themselves  without  the  aid  of  an 

extraneous  medium  of  transport  (florcs  cleistogami). 

If  we  review  the  lines  of  research  above  described  in  order  to 
get  a  clear  idea  of  which  path  leads  us  most  surely  to  the  condi- 
tions determining  the  forms  of  flowers,  it  becomes  plain  that  two 
different  aims  must  be  kept  in  view ;  these  are  closely  connected, 
and  sometimes  within  certain  limits  mutually  depend  upon  one 
another,  but  they  cannot  be  confounded  without  danger;  viz. 
(1)  the  elucidation  of  floral  mechanisms,  and  (2)  the  proof  of  the 
Knight-Darwin  law. 

Sprengel  kept  in  view  as  the  sole  aim  of  his  researches  the 
explanation  of  the  characters  of  flowers  on  certain  presumptions 
which  were  to  be  justified  by  the  constant  possibility  of  such  expla- 
nations ;  and  his  results  were  singularly  fortunate  so  far  as  was 
possible  with  his  teleological  conceptions,  and  without  knowledge 
or  foreshadowing  of  the  advantage  of  cross-fertilisation.  Darwin 
remedied  both  flaws  in  Sprengel's  theory,  since  he  not  only  gave 
complete  expression  by  his  theory  of  natural  selection  to  the  new 
conceptions  that  had  gradually  grown  up,  but  he  also  made  the 
'Infinite  statement,  and  took  steps  to  prove  it,  that  the  effect  of 
cross-fertilisation  is  advantageous.  But  he  did  not  content  himself 
with  the  statement  that  cross-fertilisation  leads  to  a  more  vigorous 
offspring  than  self-fertilisation,  which  would  have  sufficed  pro- 
visionally to  explain  the  contrivances  in  flowers,  but  he  laid  down 
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the  much  more  comprehensive  and  general  law  "that  no  organic 
being  fertilises  itself  for  a  perpetuity  of  generations,  but  that 
a  cross  with  another  individual  is  occasionally — perhaps  at  very 
long  intervals — indispensable."  And,  in  his  exhaustive  researches 
on  the  floral  contrivances  of  orchids,  he  had  always  kept  in  view 
as  his  chief  aim  the  establishment  of  this  law.1 

Hildebrand  and  Delpino  followed  the  same  aim  just  as  dis- 
tinctly, though  they  expressed  it  in  other  words.2  All  three  sought 
to  explain  all  the  contrivances  of  flowers,  presupposing  the  accuracy 
of  that  general  law.  If  all  floral  mechanisms  without  exception 
had  turned  out  to  subserve  the  necessity  of  occasional  cross-fertili- 
sation, the  establishment  of  that  law,  and  with  it  the  foundation  of 
our  comprehension  of  flowers,  would  have  attained  thereby  to  the 
highest  measure  of  certainty ;  but  in  point  of  fact,  as  on  the  one 
hand  more  and  more  flowers  were  adduced  in  which  cross-fertili- 
sation is,  under  natural  conditions,  inevitable,  on  the  other  hand, 
in  at  least  equal  proportion,  more  and  more  instances  were  revealed 
of  plants  which  regularly  fertilise  themselves  and  are  fully  pro- 
ductive thereupon.  Inasmuch  as  one  cannot  admit  that  the  mere 
possibility  of  occasional  cross-fertilisation  is  a  sufficient  proof  of  its 
necessity,  it  must  be  acknowledged  that  the  establishment  of  the 
Knight-Darwin  law  is  not  advanced  in  the  least  by  all  the 
researches  on  the  mechanism  of  flowers.  The  whole  explanatory 
theory  of  flowers,  so  long  as  it  is  based  entirely  upon  this  law,  has 
this  uncertainty  at  its  foundation. 

In  order  to  avoid  this  uncertainty  and  to  secure  a  firm  basis  for 
investigating  the  conditions  determining  the  forms  of  flowers,  it  is 
above  all  necessary  to  leave  aside  the  Knight-Darwin  law,  which 
can  neither  be  proved  by  investigating  the  forms  of  flowers  nor  is 
necessary  for  their  elucidation ;  and  to  confine  ourselves  to  the 
proposition,  which  is  sufficient  for  this  investigation  and  which 
can  be  verified  by  experiment,  that  cross-fertilisation  results  in 
offspring  which  vanquish  the  offspring  of  self-fertilisation  in  the 
struggle  for  existence. 

1  "In  my  volume  '  On  the  Origin  of  Sjjccics,'  I  have  given  only  general  reasons  for 
my  belief  that  it  is  an  almost  universal  law  of  nature  that  organic  beings  require 
an  occasional  cross  with  another  individual ;  or,  which  is  the  same  thing,  that 
no  hermaphrodite  fertilises  itself  for  a  perpetuity  of  generations.  Having  been 
blamed  for  propounding  this  doctrine  without  giving  ample  facts,  for  which  I  had  not 
in  that,  work  sufficient  space,  I  wish  to  show  that  I  have  not  spoken  without  having 
o-one  into  details."— Dakwin,  On  the  Various  Contrivances,  etc.,  p.  1. 
°  2  Hildebrand  calls  it  the  law  of  the  avoidance  and  the  disadvantage  of  continual 
self-fertilisaUqn  ("das  Gesetz  dej vermiedenen  und  unvortheilhaften  stetigen  Selbst- 
befrachtung") ;  Delpino  calls  it  the  great  law  of  dichogamy,  or  of  intercrossing  ("  In 
gran  leggeaelln  dicogamin  o  delle  nozze  inorociote  "). 


PAIlT  l]  HISTORICAL  INTRODUCTION.  &3 

It  is  obvious  that  this  proposition  is  much  narrower  than  the 
Knight-Darwin  law.  For  it  is  easily  conceivable,  and  it  is  com- 
patible with  all  known  facts,  that,  in  all  plants  without  exception, 
the  offspring  of  self-fertilisation,  as  soon  as  they  come  into  com- 
petition with  other  individuals  of  their  species  which  are  the 
offspring  of  cross-fertilisation,  finally  succumb,  and  that  therefore 
the  above-mentioned  proposition  is  thoroughly  correct ;  but  that 
nevertheless  many  species  which  are  regularly  self-fertilised,  and  in 
which  the  struggle  for  existence  between  the  offspring  of  self- 
fertilisation  and  of  cross-fertilisation  never  takes  place,  reproduce 
by  self-fertilisation  for  an  unlimited  number  of  generations,  and 
that  therefore  the  Knight-Darwin  law  is  false. 

Whether  the  offspring  of  self-fertilisation  finally  succumb  in 
the  struggle  for  existence  to  the  offspring  of  cross-fertilisation  in 
the  same  species  may  probably  be  decided  in  the  course  of  a  few 
generations  for  certain  plants  by  the  above-described  experiments 
contrived  by  Darwin.  Whether,  on  the  other  hand,  plants  in  which 
such  competition  is  avoided,  owing  to  exclusive  and  continuous 
self-fertilisation,  finally  become  extinct  for  want  of  crossing,  can 
probably  in  many  cases  not  be  decided.  At  least  Darwin  declares 
expressly  (Variation,  etc.,  chap,  xvii.)  that,  in  order  to  recognise 
the  difference  between  plants  produced  by  self-fertilisation  and 
those  produced  by  cross-fertilisation,  it  is  often  absolutely  necessary 
to  place  both  together  in  competition.  And,  moreover,  important 
facts  stand  opposed  to  the  Knight-Darwin  law,  which  have  mostly 
been  collected  by  Darwin  in  his  Variation  of  Animals  and  Plants 
with  scrupulous  care.  I  may  refer  to  the  examples  of  plants 
(mentioned  in  chap,  xviii.  of  that  work)  which  spread  over 
unlimited  areas  by  asexual  reproduction ;  to  the  Brazilian  culti- 
vated plants,  described  by  Fritz  Muller  and  discussed  in  the  third 
section  of  this  book,  which  after  they  have  been  multiplied  for 
many  generations  exclusively  by  asexual  means,  have  lost  even  the 
power  of  sexual  reproduction ;  to  the  well-known  facts  that  numerous 
mosses  reproduce  over  great  part  of  their  area  of  distribution  by 
exclusively  asexual  means,  and  that  many  are  only  known  in  the 
sterile  form :  all  facts  which  are  not  easily  brought  into  accordance 
with  the  supposition  that  occasional  crossing  is  essential  for  lasting 
conservation. 

There  is  good  foundation,  therefore,  for  the  demand  that  the 
explanation  of  floral  mechanisms  shall  rest  only  on  the  sufficient 
and  demonstrable  assumption  that  cross-fertilisation  yields  more 
vigorous  offspring  than  self-fertilisation. 
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But  while  we  must,  on  the  one  hand,  strive  to  limit  our 
assumptions  as  much  as  possible,  in  order  to  keep  a  basis  fully 
demonstrable  by  experiment  for  our  conclusions,  we  must,  on  the 
other  hand,  that  these  conclusions  may  rest  firm,  demand  the 
securest  possible  establishment  of  all  accessible  facts  which  can 
influence  the  mutual  relations  between  flowers  and  the  agents 
which  fertilise  them. 

Of  the  various  fertilising  agents,  wind  and  water  are  so  simple 
and  regular  in  their  action  that  it  is  easy  to  review  the  circum- 
stances of  the  case,  and  to  recognise  how  the  comparatively  simple 
contrivances  in  anemophilous  and  hydrophilous  plants  are  deter- 
mined by  the  nature  of  the  medium  of  transport.  But  the  insects  1 
which  act  as  carriers  of  pollen  are  so  various  in  size,  form,  length 
of  proboscis,  food-material,  mode  of  movement,  colour-sense,  &c, 
their  abundance  depends  on  so  many  conditions,  and  their  visits  to 
particular  flowers  are  so  influenced  by  weather,  the  competition  of 
other  insects,  the  attractions  of  other  neighbouring  flowers,  &c, 
that  the  mere  investigation  of  floral  contrivances,  and  the  mere 
general  establishment  of  the  fact  that  certain  flowers  are  actually 
visited  and  fertilised  by  insects,  can  never  lead  to  a  perception  of 
the  primitive  conditions  which  determine  any  specific  peculiarity 
in  a  flower.  Only  when  it  is  accurately  ascertained  for  many 
and  various  flowers  of  the  same  neighbourhood  by  what  insects  and 
how  abundantly  by  each  each  species  is  visited,  what  in  each  case 
each  visitor  comes  in  search  of,  how  each  acts  in  its  visits,  how  the 
dimensions  of  their  bodies  correspond  to  the  dimensions  of  the 
flowers  (for  instance,  the  length  of  their  proboscis  to  the  length  of 
the  tube  and  spur),  what  parts  of  their  bodies  come  in  contact  with 
the  pollen  and  the  stigma,  and  so  forth  ;  when  further,  for  each  of 
these  flowers,  not  only  the  form,  arrangement,  and  order  of  deve- 
lopment of  the  separate  parts,  but  also  the  area  of  conspicuous 
surfaces,  the  diameter  of  the  entrance,  the  depth  of  the  tube  in 
which  the  honey  lies,  in  short  every  point  which  can  affect  the 
insect-visitor,  has  been  accurately  ascertained — then  only  may  we 
hope,  by  comparing  the  characters  of  flowers  and  their  insect- 
visitors,  to  attain  to  accurate  knowledge  instead  of  the  mere 
surmises  concerning  the  conditions  that  primitively  determine  any 
floral  character. 

It  is  plain  that  in  such  facts  all  previous  investigations  have 
left  wide  gaps.    Even  Delpino,  who  paid  more  attention  than  any 


1  Snails  and  birds  may  be  leftoutof  the  question,  as  thoy  do  not  playan  important 
pari  in  fertilising  any  native  plants, 
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previous  observer  to  the  insect-visitors,  based  his  generalisations 
upon  far  too  few  observations  of  insect-visits ;  both  his  classifi- 
cation of  entomophilous  flowers1  and  his  general  conclusions 
concerning  the  fertilisers  of  whole  families  (Composite,  Boraginece, 
&c.)  require  essential  modification.  In  no  single  case  do  the 
observations  hitherto  made  on  anthophilous  insects  suffice  either 
to  explain  the  differences  between  nearly  allied  species  of  flowers 
or  to  settle  the  primitive  conditions  determining  any  specific 
floral  character. 

In  order  to  attain  to  substantial  knowledge  concerning  such 
determining  conditions,  we  must  modify  in  two  respects  the  modes 
of  investigation  hitherto  adopted,  based  upon  the  Knight-Darwin 
law  : — 

(1)  Instead  of  considering  those  flowers  in  which  cross- 
fertilisation  in  case  of  insect-visitors  is  distinctly  insured  or  in 
which  self-fertilisation  is  distinctly  opposed,  we  must  look  upon  all 
entomophilous  flowers  without  exception  as  requiring  elucidation 
to  the  same  degree ;  and  in  each  species  we  must  consider  the 
possible  or  inevitable  occurrence  of  self-fertilisation  in  absence  of 
insects  with  as  much  care  as  the  certainty  or  possibility  of-  cross- 
fertilisation  in  case  of  insect-visits. 

(2)  Instead  of  confining  ourselves  to  the  investigation  of  floral 
mechanisms  or  of  at  most  ascertaining  in  a  general  way  by  what 
groups  of  insects  a  particular  plant  is  visited  and  cross-fertilised, 
we  must  consider  the  insect-visitors  with  as  much  care  as  the 
flowers  visited  by  them.  We  must  compile  for  each  species  of 
flower  a  list  as  complete  as  possible  of  its  visitors,  in  order  to  come 
by  wide  comparison  to  a  safe  conclusion  regarding  what  effect 
peculiarities  in  colour,  odour,  the  secretion  and  concealment  of  the 
honey,  etc.,  have  upon  insect-visits,  and  so  upon  the  fertilisation  of 
the  plant.  We  must  also  take  note  of  the  way  in  which  the 
insects  are  fitted  to  obtain  their  floral  diet,  and  we  must  try  to 
trace  the  gradual  evolution  of  such  adaptations  through  all  stages, 
since  many  characters  of  flowers  and  of  their  visitors  (e.g.  length 
of  tube  and  length  of  proboscis)  have  been  developed  in  reciprocal 
adaptation,  and  can  therefore  only  be  understood  when  considered 
together. 

This  is  the  path  which  I  have  sought  to  enter  on  in  the  present 
book.  How  far  I  have  succeeded  in  my  task  is  for  others  to 
decide.  To  permit  of  fair  judgment,  I  must  myself  explain  certain 
omissions  in  my  work. 

1  Sitpra,  ]>.  1 5. 
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I  have  been  unable  to  pay  equal  attention  to  all  groups  of 
anthophilous  insects.  I  could  neither  determine  by  myself  the 
minute  flies  and  gnats,  ichneumon-flies  and  their  allies,  aphides 
and  species  of  Meligcthes  and  Thrips,  nor  could  I  get  them  reliably 
determined  by  others;  these,  accordingly,  along  with  most  ants 
and  some  saw-flies,  are  referred  to  only  in  general  terms.  Noc- 
turnal ]epidoptera  and  microlepidoptera  are  left  almost  untouched 
for  another  reason,  viz.,  the  difficulty  of  observing  them  upon 
flowers  in  the  dim  light.  On  the  other  hand,  I  have  paid  close 
attention  to  the  beetles,  the  larger  flies,  bees,  wasps,  and  butterflies, 
and  I  have  determined  their  species  with  the  aid  of  the  entomo- 
logists referred  to  in  my  preface.  But  just  on  account  of  this 
simultaneous  observation  of  so  many  insect  groups,  in  the  case  of 
the  most  frequented  flowers  it  is  probably  only  the  commonest 
species  that  have  fallen  into  my  hands ;  so  that  it  will  be  easy 
for  any  collector  of  a  special  group  to  show  the  most  extensive 
omissions  in  my  richest  lists.  I  indeed  hope  that  this  may  be  done 
on  the  largest  scale. 

In  hastening  to  publish  provisionally  an  account  of  my  researches, 
it  was  further  impossible  for  me  to  follow  out  thoroughly  in  the 
case  of  all  the  groups  of  anthophilous  insects  the  modifications 
which  fit  them  for  a  floral  diet,  and  to  prove  that  such  modifica- 
tions have  been  evolved  gradually.  In  the  case  of  bees,  the  most 
important  visitors  of  flowers,  I  have  attempted  to  give  such 
proof  in  a  special  Avork.  In  the  present  book  I  must  limit  myself 
to  giving  a  general  account  of  the  adaptations  of  insects  to  the 
flowers  visited  by  them,  so  far  only  as  seems  essential  for  a  right 
understanding  of  the  actions  of  insects  upon  flowers. 

NOTES  ON  THE  HISTORICAL  INTRODUCTION. 

1.  Severin  Axell  gives  in  his  work  (17),  published  in  1869,  a  short  review  of 
the  development  of  our  knowledge  of  the  sexual  relations  of  plants.  He 

says  :— 

"  Although  we  meet  even  in  ancient  Greek  and  Roman  authors  with  dim 
foreshadowings  of  the  sexuality  of  some  diclinic  plants,  it  is  only  towards  the 
end  of  the  seventeenth  century  that  we  find  the  existence  of  two  sexes  in  the 
higher  plants  clearly  and  generally  acknowledged.  In  1682,  Nehemias  Grew 
published  his  book  The  Anatomy  of  Plants,  in  which  he  maintained  the 
necessity  for  the  pollen  to  act  upon  the  pistil  to  form  the  fruit.  Rud.  Jac. 
Camerarius  1  and  Sebastian  Vaillant2  strongly  supported  (lie  new  views,  partly 


J  Epiitola  </<■  sexu  plantarum  (Tubingen  :  1694). 

-  Ditcowx  sur  la  structure  das  flairs,  etc.  (Paris:  1717). 
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by  experiment,  partly  by  specifying  the  sexual  organs  in  various  forms  of 
flowers  ;  while  on  the  other  hand  Tournefort1  and  Pontedera2  tried  to  prove 
that  these  views  were  untenable,  chiefly  from  philosophical  considerations. 
The  contest  may  be  considered  to  have  been  settled  in  its  main  point  by  the 
masterly  collection  of  proofs  of  the  sexuality  of  plants  given  by  Linnaeus 
in  1735.s 

After  it  had  been  shown  that  pollination  is  an  essential  condition  for  the 
production  of  seed,  it  still  remained  to  show  how  the  pollen-grains  are  con- 
veyed to  the  stigma  ;  and  attempts  were  made  to  /elucidate  this  also,  but  with 
less  success.  It  was  of  course  seen  that  in  diclinic  plants  some  external  agency 
must  convey  the  pollen-grains  from  the  male  to  the  female  flowers,  and  the 
whole  effect  was  ascribed  to  the  wind  ;  in  hermaphrodite  flowers,  on  the  other 
hand,  it  was  supposed  that  the  stigma  is  dusted  with  pollen  from  the  same 
flower  without  the  cooperation  of  any  external  agency.  This  had  to  take  place 
either  by  the  anthers  and  stigma  coming  in  contact,  or  by  the  pollen  falling 
down  upon  the  stigma  :  the  former  would  have  to  take  place  either  before  the 
flower  opened,  or  by  movements  of  the  reproductive  organs 4  ;  to  explain  the 
latter,  it  was  laid  down  as  a  general  rule  that  those  flowers  whose  stamens 
overtop  the  style  have  an  erect  position,  and  that  those  in  which  the  style 
overtops  the  stamens  are  pendulous.5  Meanwhile,  since  it  was  observed  that 
many  flowers  contain  honey  and  are  visited  by  insects,  the  idea  arose  that  these 
must  be  of  some  use  in  fertilisation.  It  was,  however,  supposed  that  in  their 
visits  they  simply  shake  pollen  from  the  anthers,6  and  not  that  they  carry 
pollen  from  one  flower  to  another.  The  importance  and  in  many  cases  the 
necessity  of  the  action  of  insects  was  not  at  all  recognised/  either  in  general 
or  in  any  single  case,  if  we  except  the  observation  of  the  fertilisation  of  Ficus 
carica  by  Chalets  Psenes  (Ficus  in  Amcen.  Acad.  i.). 

This  last  observation  stood  for  a  long  time  isolated,  until  in  1761  Joseph 
Gottlieb  Koelreuter  demonstrated  the  necessity  of  insects'  aid  in  several 
other  cases,  such  as  Cucurbitacece,  Iridece,  Sambucus,  and  Viscum*  This 
illustrious  man  remarked  also,  that  in  Malvacece,  Epilobium,  and  Pole- 
momum  (Vorlauf.  Nachr.  p.  34),  self-fertilisation  is  prevented  by  maturation 
of  the  reproductive  organs  at  different  times,  and  that  in  these  plants  the 
pistil  of  an  older  flower  is  fertilised  by  the  aid  of  insects  with  pollen  from  a 
younger  flower.0    In  the  case  of  most  plants,  however,  he  held  to  the  old 


1  Instilutiones  rei  herbaria:  (Paris  :  1700). 

2  Anthologia,  seu  de  floris  naturd  (Patav.  :  1720). 

3  Fundamenta  botanica  (Amsterdam  :  1735). 

4  It  was  Vaillant  who  first  observed  this  phenomenon.    For  the  meaning  which 

w^W^1*'*?.^?*™'2*^**  et  sexu  P^ncm,  1729,  first  printed  in 
1829  ;  and     Spomaha  Plantarum,"  p.  46,  in  Amceuilates  A  ca demicce,  i. 
Lmmem,  loc.cit.  and  "  De  ceconomid  Naturce,"  in  Amczn.  Acad.  i. 
Spomaha  Ilantarum"  and  "  De  nectariia  florwm,"  Amcen.  Acad,  iv 

sifpSftt^11  °f  ^  aCt  °f  fel'tiliS£lti°n  111  in 
8  Vorluufigc  Nachricht  von  einiqen  das  Oeschlecht  der  Pflanzcn  bctreffenden  Vervtrhrv 

Z^i  vS9Cn  (Leipzig:  1761)'  and  ^^^Tii^^St 

KoelrtutS  tS^TJ611  Jh^.0^«T?ation  of  tllese  Plnnt»  is  fitted  for  crossing 
imSra  ri  ™  ?,"  ld  ahTnd  in  recessu  haIlcat-  1"od  hujuscemodi  Horel 
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explanation  of  fertilisation,  which,  erroneous  as  it  was,  was  not  contro- 
verted until  the  appearance  of  Sprengel's  hook  and,  afterwards  still  more 
thoroughly  by  F.  J.  Schelver1  and  August  Henschel.2  The  researches  of 
these  botanists  showed  clearly  that  in  most  plants  pollination  of  the  pistil 
is  impossible  or  at  least  improbable  without  the  cooperation  of  some  external 
agent.  The  last  two  authors,  since  they  did  not  ascribe  the  proper  importance 
to  insect-visits,  were  led  into  the  error  of  denying  the  sexuality  of  plants. 
On  the  other  hand,  Sprengel  has  not  only  rendered  the  negative  service  of 
showing,  as  the  others  did,  how  the  prevalent  conception  of  the  mode  of 
fertilisation  is  directly  contrary  to  the  actual  relations,  but  also  the  positive 
sendee  of  removing  the  last  objection  to  the  sexual  theory  by  his  theory  of  the 
adaptation  of  flowers  to  fertilisation  by  insects.3 

2.  Even  Sprengel  notes  several  instances  of  incomplete  adaptation  ;  e.g.  ou 
page  259,  "Although  the  flowers  (Lychnis  dioir.a)  being  nocturnal  are  not 
adapted  for  humble-bees,  yet  these  make  use  of  their  nectar." 

3.  Perhaps  F.  G.  Kurr  has  reviewed  most  thoroughly  Sprengel's  observa- 
tions in  his  book  Untcrsuchungen  fiber  die  Bedeutung  der  Nehtarien  in  den 
Bhimen,  which  is  replete  with  his  own  observations  and  ideas.  But  even 
this  acute  observer  4  lets  us  clearly  trace  how  his  ignorance  of  the  advantage 
of  cross-fertilisation  prevented  him  from  agreeing  with  Sprengel's  explanations, 
and  how,  along  with  Sprengel's  theories,  he  rejected  his  correct  observations 
(e.g.  in  the  case  of  Campanula)  in  order  to  cling  to  old  errors. 

Severin  Axell,  in  his  above-mentioned  work,  cites  the  following  later 
botanists  who  rejected  Sprengel's  discoveries  ;  "  Treviranus,5  in  upholding  the 
sexuality  of  plants  against  Henschel,  denies  altogether  that  the  organs  of  the 
two  sexes  mature  at  different  times,  and  declares  that  the  pollen  and  the  stigma 
always  ripen  simultaneously;  Schultz-Schultzenstein 6  attacks  Sprengel,  and 
charges  him  with  false  statements;  De  Candolle7  asserts:  'M.  Conrad 
Sprengel  a  cherche  a  developper  ses  idees,  pins  fondees,  je  le  crains,  sur  des 
theories  metaphysiques  que  sur  la  simple  observation  des  faits  ; '  Mikan 
criticises  him  for  his  description  of  the  apparatus  for  fertilisation  in  the  violet ; 
even  Kobert  Caspary  says,  '  quod  censeo,  non  injuste  dici  potest,  inter  omnes 
illas  Sprengelii  observationes,  quas  certissimas  profert,  quo  modo  insecta  fiores 
fecundent,  ne  unam  quidam  esse,  ex  qua  certe  concludi  possit,  nullo  alio  modo 
fiores  fecundari  quam  auxiliis  insectorum.'  Kobert  Brown  alone,  in  his 
well-known  paper  (114)  on  the  fertilisation  of  Asclepiadaceoz  and  Orchidacece, 
confirmed  the  accuracy  of  Sprengel's  statement  that  the  aid  of  insects  is 
necessary  for  the  fertilisation  of  these  plants,  although  he,  like  Sprengel, 
failed  to  notice  that  here  cross-fertilisation  occurs  and  not  self-fertilisation." 

Just  as  according  to  these  extracts,  most  botanists  reviewed  onesidedly 
the  weakness  of  Sprengel's  theory,  and  threw  overboard  the  good  along  with 
the  defective  ;  so,  with  equal  onesidedness,  Delpino.and  Severm  Axell  have 


,  Kmh  der  Lehre  von  den  Geschlechtem  der  Pflanzen  (Heidelberg  :  1812). 
s  IrlZSlS,  {"OmM  jE$*  lvyllots  ietydelse  for  Mn,»  Bot.  Ko,i»r 
Tredje  hiiftct,  1868. 

«  m  Fortmflamimgund  Brndh/rurmder  PJamm  (1828V 
7  OrganogmpMevWtale,  i.  p.  588  (Pans;  1827). 
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raised  up  Sprengel's  work  too  high,  and  have  passed  over  in  silence  the  flaw 
which  explains  why  it  remained  inoperative  for  so  many  generations.  Delpino 1 
says  in  regard  to  the  neglect  of  Sprengel,— and  Severin  Axell  agrees  with 
Mm  :  "  It  is  sad  to  witness  this  war  of  error  against  truth,  especially  when 
the  contest  was  begun  by  one  who  lived  subsequently,  and  who,  instead  of 
profiting  by  the  truths  discovered  by  his  predecessor,  only  set  to  work  foolishly 
to  deny  them."  While  fully  acknowledging  the  justice  of  this  opinion,  I 
think  that,  to  be  fair  to  both  sides,  we  must  add  :  Sprengel's  discovery  is  an 
instructive  example  of  how  even  work  that  is  rich  in  acute  observation  and 
happy  interpretations  may  remain  inoperative  if  the  idea  at  its  foundation  is 
defective. 

4.  Darwin  says  in  his  paper  on  the  fertilisation  of  Papilionaceous  flowers 
by  bees  (p.  461)  :  "  Andrew  Knight  many  years  ago  propounded  the  doctrine 
that  no  plant  self-fertilises  itself  for  a  perpetuity  of  generations.  After  pretty 
close  investigation  of  the  subject,  I  am  strongly  inclined  to  believe  that  this  is 
a  law  of  nature  throughout  the  vegetable  and  animal  kingdoms."  As  Darwin 
also  mentions,  Knight  had  found  by  experiment  in  the  case  of  the  Pea 
that  more  numerous  seeds  and  more  vigorous  offspring  are  obtained  by  the 
application  of  pollen  from  another  flower  than  by  self-fertilisation. 


1  Sull  opera  "La  distribuzione  dei  sessi,  etc."  del  Prof.  F.  Eildcbrand,  p.  10. 
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Our  native  flowers  are  visited  by  examples  of  all  the  main 
divisions  of  insects  ;  but  these  divisions  differ  greatly  in  regard 
to  the  number  of  their  anthophilous  species,  the  extent  to  which 
these  restrict  themselves  to  flowers  for  their  food,  their  relative 
importance  in  fertilisation,  and  their  special  adaptations  for  the 
work.  And  though,  as  a  general  rule,  the  degree  to  which  a  group 
of  insects  is  adapted  structurally  for  a  floral  diet  is  proportional  to 
their  importance  as  fertilisers,  this  does  not  hold  good  always.  In 
the  following  sketch,  our  insect-groups  are  arranged  according  to 
their  progressive  adaptations  for  obtaining  food  in  flowers. 

Orthoptera  and  Neuroptera. 

These  groups  contain,  at  least  among  our  native  species,  no 
form  which  is  habitually  anthophilous,  or  which  shows  any  trace 
of  adaptation  for  a  floral  diet. 

Earwigs  (Forficula  auricularia,  L.)  often  creep  in  the 
daytime  into  flowers  {Campanula,  Pajjavcr,  Tropccohim,  roses, 
pinks,  peonies,  etc.),  whose  softer  parts  they  feed  upon  at  night. 
Grasshoppers  leap  or  fly  on  to  various  parts  of  plants,  and  so 
occasionally  on  to  the  flowers,  to  feed.1 

I  have  seen  a  small  dragon-fly  {Agrion)  settle  repeatedly  on 
flowers  of  Spiraea,  apparently  only  to  sun  itself. 

I  have  so  often  seen  species  of  Hbinerobius,  Sialis  lutaria,  L., 
and  Panorpa  communis,  L.,  upon  flowers  of  Umbelliferae,  and 

1  Delpino  once  found  a  small  green  grasshopper  on  flowers  of  Ophrys  aramfcm 
(172)  Darwin  states,  on  the  authority  of  Mr.  Swale,  that  in  New  Zealand  several 
sneeies  of  grasshoppers  have  been  observed  to  fertilise  papilionaceous  plants  (152, 
r>  451 )  This  seems  to  me  almost  incredible.  In  South  Brazil  my  brother  Fritz  Muller 
has  found  a  Psoudomops,  probably  P.  laticornis  (Perty),  common  on  flowers. 
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watched  them  bending  their  heads  down  on  to  the  honey-secreting 
disc,  that  I  could  not  doubt  that  they  were  feeding  there.  In 
the  summer  of  1855,  I  took  Ascalaphus  macaronius  on  flowers  of 
Umbellifers  in  meadows  at  Laibach. 

The  case  of  Panorpa  communis 1  is  quite  clear,  for  it  even  visits 
flowers  with  more  deeply-seated  honey  (Eosacese,  Compositse,  e.g. 
Uupatorium  canndbinum),  plunging  its  long  beak-shaped  head 
into  the  tubes.  One  might  be  inclined  to  look  upon  this  elongated 
head  as  specially  adapted  for  the  quest  of  honey,  were  it  not  that 
the  little  wingless,  closely-allied  Boreus  hiemalis,  which  never  visits 
flowers,  but  lives  among  moss,2  shows  the  same  peculiarity. 

It  is  also  exceptional  for  Neuroptera  to  visit  flowers.  They 
are  more  abundant  than  the  above-named  Orthoptera,  and 
occasionally  cross-fertilisation  may  be  effected  by  them ;  but 
certainly  no  native  flower  has  been  modified  by  the  agency  of 
either  group. 

Hemiptera. 

In  their  importance  as  fertilisers,  Hemiptera  stand  higher 
than  the  preceding  divisions,  for  in  one  group,  the  bugs 
(Hemiptera  heteroptera,  Latr.),  several  forms  are  habitually 
anthophilous ;  whether  they  possess  corresponding  adaptations  for 
a  floral  diet  is  still  uncertain. 

The  species  of  Anthocoris  (so  called  from  their  fondness  for 
flowers)  are  fitted  by  their  small  size  to  creep  into  and  suck  honey 
from  very  various  flowers.  I  have  taken  several  undetermined 
species  of  Capsidce  and  Anthocoridce  on  flowers  of  TJmbelliferse 
Composite,  and  Salix,  seeking  honey  and  dusted  with  pollen' 
I  found  Tclyra  nigrolineata  abundantly  on  flowers  of  Daucus 
Carota  in  Thuringia,  and  I  have  seen  Pyrocoris  aptera,  in  spring, 
thrusting  its  proboscis  (about  four  mm.  long)  into  florets  of  the 
dandelion;  the  underside  of  its  legs  and  body  was  dusted  with 
pollen,  and  it  seemed  to  be  a  regular  and  efficient  fertiliser.  I 
have  seen  no  structural  adaptations  for  floral  visits  in  any  of 
these  insects,  unless  the  small  size  of  Anthocoris  be  of  this  nature ; 
the  long  proboscis  is  found  in  many  allied  forms  which  never 
Visit  flowers.  No  flower  has  been  shown  to  be  specially  adapted 
for  the  visits  of  field-bugs,  and  I  know  no  species  for  whose 
fertilisation  these  insects  are  especially  important.  The  structure 
of  their  proboscis  need  not  be  considered. 
2  f^TPa  communis  is  habitually  carnivorous. 
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Coleoptera. 

In  contrast  to  the  foregoing  groups,  Coleoptera  afford  un- 
equivocal adaptations  to  a  floral  diet.  They  are  of  far  greater 
importance  as  fertilisers,  for  many  species  in  widely  different 
families  feed  at  times  on  flowers,  and  a  still  greater  number 
confine  themselves  to  such  food  exclusively.  None  of  our 
native  plants  are  fertilised  exclusively  or  even  mainly  by 
Coleoptera;  but  the  large  genus  Meligethes  alone,  the  species  of 
which  are  small  and  can  creep  into  most  flowers,  is  of  more 
importance  as  a  fertilising  agent  than  all  the  preceding  groups 
taken  together.  On  the  other  hand,  beetles  do  great  harm  to 
many  flowers  by  nibbling  their  reproductive  organs. 

In  flowers  where  the  honey  lies  fully  exposed  {Umbellifcrm, 
C omits,  Parnassia),  many  species  of  beetles  may  be  seen  licking 
it ;  and  in  flowers  with  exserted  stamens  and  with  the  honey 
concealed  though  accessible  to  short-lipped  insects  (Rosiflorce, 
Compositce),  beetles  may  be  seen  licking  up  honey,  devouring 
pollen  or  even  the  whole  anther,  or  nibbling  at  the  petals  and 
stamens.  In  flowers  which  have  conspicuous  anthers  but  which 
secrete  no  honey,  or  where  the  honey  lies  too  deeply  hidden, 
(Ramtncitlacecv,  Plantago),  the  beetles  feed  upon  the  pollen,  the 
anthers,  and  other  soft  parts  of  the  flower.  Besides  these,  flowers 
which  afford  shelter  from  wind  and  rain  (Campanula,  Digitalis) 
are  visited  by  beetles,  which  then  feed  upon  the  pollen  and  the  soft 
tissues.  In  warmer  countries,  according  to  Delpino  (178,  L,  p.  234), 
several  flowers  of  this  kind,  e.g.  Magnolia,  have  become  adapted 
for  fertilisation  by  beetles  (Cctonia)  exclusively.  Lastly,  we 
sometimes  find  beetles  upon  flowers  which  seem  to  offer  none 
of  the  advantages  above  described,  but  only  allure  by  means  of 
their  bright  colours;  thus,  for  instance,  Cryptocephalus  sericetis 
and  C.  Morcei  are  often  attracted  by  the  bright  yellow  flowers  of 
Genista  tinctoria. 

A  review  of  the  mode  of  life  of  insects  which  visit  flowers, 
and  of  the  families  to  which  they  belong,  shows  continuous 
gradations  from  those  which  never  visit  flowers  to  those  which 
seek  them  as  a  secondary  matter,  and  finally  to  those  which 
entirely  depend  upon  them.  This  shows  clearly  that  insects 
which  originally  did  not  avail  themselves  of  flowers  gradually 
became  inure  and  more  habituated  to  a  floral   diet,  and  only 
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became  correspondingly  modified  in  structure  when  they  had 
learned  to  depend  upon  such  a  diet  exclusively :  so  that  the  view 
(defended  by  Delpino),  according  to  which  certain  flowers  have 
been  predestined  for  certain  insects,  and  vice  versa,  is  untenable.1 

In  the  larval  state  I  have  observed  only  one  anthophilous 
beetle  (Helodcs  arcta)  to  affect  a  floral  diet ;  other  beetles,  which 
as  larvae  feed  on  the  parts  of  flowers,  e.g.  the  Apple  Gouger 
(Anthonomus  pomorum),  abandon  flowers  on  attaining  to  the 
perfect  state.  The  larvse  of  beetles  which  are  anthophilous 
when  mature,  are  partly  carnivorous  (Telephones,  Trichodes, 
Coccinella),  partly  feeders  on  putrid  animal  matter  (Dermestidw) , 
partly  feeders  on  living  or  decaying  vegetable  matter  (Buprestidce, 
Ceranibycidw,  Elateridce,  Chrysomelidce,  Curculionidce,  Cistela, 
Lagria,  Mordellidce,  Lamellicomia) . 

Of  the  carnivorous  larvse,  most  species  of  Coccinella  and 
Telephorus  remain  carnivorous  in  the  perfect  state,-  but  some 
(Coccinella  septempunctata,  C.  1 ^punctata,  C.  mutabilis,  Telephorus 
fuscus,  T.  melanurus,  etc.)  though  they  do  not  disdain  flesh 
altogether  resort  more  or  less  to  flowers,  and  Trichodts  in  the 
perfect  state  restricts  itself  absolutely  to  a  floral  diet. 

In  the  next  group,  larvae  which  feed  upon  putrefying  animal 
matter,  Dermestes  retains  the  same  habit  in  its  perfect  state, 
never  visiting  flowers,  and  Anthrentis  and  Attagenus  sometimes 
do  the  same ;  but  of  these  latter  genera,  the  same  species  which 
under  favourable  circumstances,  e.g.  in  neglected  zoological  collec- 
tions, feed  for  many  generations  on  animal  matter,  without  ever 
leaving  the  cases  whose  contents  they  are  destroying,  in  other 
circumstances  may  be  found  by  hundreds  upon  flowers,  busily 
feeding  upon  pollen  and  honey. 

The  most  perfect  gradations  are  exhibited,  however,  by  those 
families  whose  larvse  feed  upon  vegetable  matter,  as  the  following 
selection  shows:  I  have  taken  no  species  of  Bostrichidaz  on 
flowers ;  of  the  Curculionidce,  only  a  tiny  part  of  the  family  resort 
(and  then  exceptionally)  to  flowers,  whether  of  the  same  plants 
in  which  they  pass  their  earlier  stages  (Gymnetron  campanula, 
Larinus  Jacece  and  senilis)?  or  of  other  plants  on  which  they 
find  freely  accessible  honey  (e.g.  Otiorhynchus  picipes  on  Corn  us, 
species  of  Apion  on  Adoxa  and  Chrysosplenium) ;  the  Chrysomelidce, 

2  P£  11,0  discussion  of  Delpino's  teleological conceptions  in  the  fourth  section. 
1  llave  l°wnd  larvse  and  pupa;  of  Larinus  senilis,  F.,  at  Muhlherg  in  Thuringia. 
.    the  base  of  the  capitula  of  Carlina  acaulis,  and  the  perfect  insect  on  the  leaves 
and  now  am!  then  nn  the  Bowers  of  the  same  plant. 
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besides  showing  the  two  stages  exemplified  in  the  Curculionidce,1 
possess  species  which  in  the  perfect  state  are  either  mainly  or 
exclusively  confined  to  flowers,  either  feeding  on  honey  (e.g. 
Clythra  scopolina),  or  on  the  soft  parts  of  the  flower  (e.g. 
Cryptocephalus  sericcus).  '  But  even  in  the  Chrysomelidce,  the 
anthophilous  species  make  only  a  small  part  of  the  whole  family. 
The  same  holds  good  for  the  Lamellicomia,  the  Linnsean  genera 
Melolontha  and  Cetonia,  whose  anthophilous  species  in  part  feed 
upon  leaves  of  Umbellifers,  occasionally  resorting  to  flowers,  where 
they  feed  on  all  the  soft  parts  indiscriminately  (Phyllopertha 
horticola),  and  in  part  subsist  on  a  floral  diet,  either  chiefly 
(Hoplia  philanthus,  Cetonia)  or  exclusively  (Trichius  fasciatus). 
Of  the  Cerambycidce  and  Elateridce,  at  least  half  of  our  native 
species  resort  to  flowers,  some  only  incidentally  (Bhagmm, 
Clytus  arieiis,  DiacantJms  ceneus),  but  the  greater  number 
exclusively.  Finally,  among  the  Mordellidw,  (Edemcridce, 
Malachiidce,  etc.,  whole  species  in  the  perfect  state  depend 
entirely  on  a  floral  diet. 

The  importance  of  Coleopiera  in  fertilisation  is  not  great 
enough  to  make  it  worth  while  to  compare  closely  all  the 
anthophilous  species,  genera,  and  families  with  their  nearest 
allies  among  non-anthophilous  forms,  in  order  to  trace  out 
adaptive  modifications.  To  disprove  the  teleological  hypothesis 
of  predestination, — that  certain  insects  are  fore-ordained  for 
certain  flowers  and  specially  organised  thereto, — it  is  enough, 
since  a  gradual  transition  towards  a  floral  diet  has  been  shown 
to  exist  in  very  various  families,  to  show  by  one  example  how  the 
structural  adaptations  appear  also  in  the  most  gradual  manner. 
We  take,  as  an  instance,  the  CeramlyeidcB. 

One  of  the  chief  groups  into  which,  according  to  Westwood,2 
this  family  is  divided,  viz.  the  Lepturidce,  comprehending  our 
native  genera  Bhamnusium,  Rhagmm,  Toxotus,  Pachyta,  Strangalia, 
Leptura,  and  Grammoptera,  is  exclusively  restricted  in  the  perfect 
state,  for  the  great  majority  of  its  species,  to  a  floral  diet; 
Bhamnusium  alone,  to  my  knowledge,  is  never  found  on  flowers, 
but  on  willows  and  poplars;  the  species  of  Bhagium  occur 
chiefly  on  fallen  wood,  but  occasionally  on  flowers;  the  specie, 

1  Hclodcs  phellandrii,  for  example,  lives  as  a  larva  in  the  hollow  stems,  and  some- 
1  Twtle  on  the' flowers  of  FMlandrinm  aquatic ,<m  ;  Cassida  vmrrcm  lives 


Xe  on  theU££  of  Micaria  dyse^enca  and  sometime*  S3  a  beetle 
\Z  fl  wpr  T of  the  same  plant.    Grioccrw  lSpimelata  lives  m  the  larval  state  on 

and  i* XTrU  state  sometimes  feeds  on  the  honey  of  Umbelhfers. 
z  Zroducfion  to  the  Modem  Classification  of  Insects  (1839-40). 
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of  Toxotus  occur  chiefly  on  flowers,  rarely  on  shrubs ;  the  four 
remaining  genera  confine  themselves  to  flowers.  In  proportion 
to  the  extent  to  which  these  forms  confine  themselves  to  a  floral 
diet,  are  the  structural  characters  disjalayed  in  them  which  mark 
off  the  Lepturidce  from  other  Cerambycidcc,  and  which  fit  them,  for 
feeding  on  honey,  whether  superficially  or  more  deeply  placed,  viz. 
the  elongation  of  the  head  forwards,  a  neck-like  constriction 
behind  the  eyes,  and  consequently  the  power  to  direct  the 
mouth  forwards,  the  prothorax  elongated  and  narrowed  anteriorly, 
and,  as  I  have  found  by  a  comparison  of  the  mouth-organs,  the 
development  of  hairs  upon  the  lobes  of  the  maxilla. 


Fig.  3.— Adaptations  in  Beetles  for  feeding  on  honey. 

1. — Leiopus  nebulosus,  L.  never  visiting  flowers.  Head  bent  downwards,  no  neck  behind  the 
eyes,  prothorax  broad,  lobes  of  the  maxilla  (16)  furnished  with  bristly  hairs. 

I.—Clytua  arietis,  L.,  occasionally  visiting  the  flowers  of  Umbelliferse  and  Rosacese.  Head  less 
bent  downwards,  less  broad  behind  the  eyes  ;  prothorax  longer  and  narrower  ;  outer  lobe  of  maxilla 
(galea,  26)  set  with  longer  hairs. 

3.  —Leptura  livida,  F.,  exclusively  anthophilous, — Umbelliferse,  Rosiflorre,  CompositEe,  Convol- 
vulus, and  others.  Head  elongated  and  directed  forwards,  with  a  distinct  neck  behind  the  eyes  • 
prothorax  still  narrower  ;  both  lobes  of  the  maxilla  (galea  and  lacinia)  with  long  hairs  (36).  ' 

4.  — Strangalia  attenuata,  L.,  exclusively  anthophilous,  and  able  to  lick  honey  from  the  corolla  of 
Scabima  arvemis  (4  to  5  mm.  in  length).  Characters  those  of  the  preceding  species,  but  the  pro- 
thorax is  still  longer  and  still  more  narrowed  anteriorly  ;  both  lobes  of  the  maxilla  have  lonsr 
hairs  (It).  6 


All  these  modifications  form  so  complete  and  gradual  a  series, 
from  those  Cerambycidce  which  never  visit  flowers,  and  those  which 
can  only  lick  superficially  placed  honey,  up  to  Strangalia  attenuata, 
which  can  reach  the  honey  in  Scabiosa  arvensis  at  the  base  of 
tubular  florets  4  to  6  mm.  long,  that  the  little  steps  by  which  natural 
selection  has  operated  may  be  clearly  traced. 

The  order  of  Coleoptera  is  thus  of  special  interest,  as  affording 
us  the  first  tendency  of  insects  towards  floral  diet,  and  the  first 
corresponding  modifications.  We  see  how,  in  the  most  diverse 
families,  accustomed  to  widely  varying  nourishment,  single  species 
have  become  habituated,  first  partially,  then  exclusively,  to  a  floral 
diet,  and  that  then,  by  natural  selection,  structural  changes  have 
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developed  to  insure  greater  success  in  the  search  after  food ; 1  and 
we  can  distinguish  how  a  dependence  on  flowers  has  sprung  up  at 
different  epochs  of  time,  for  in  some  beetles  there  has  been  time 
for  the  attainment  of  adaptations,  and  then  for  their  divergence 
to  form  genera  and  families;  while  others,  which  have  acquired 
the  habit  later,  remain  isolated  anthophilous  species  among  near 
allies  which  never  resort  to  flowers.2 

Diptera  and  Thysanoptera. 

The  Diptera  stand  on  a  higher  grade  than  the  Coleoptera  in  the 
matter  of  adaptation  to  a  floral  diet,  and  are  of  far  more  importance 
for  fertilisation.     While  only  a  small  fraction  out  of  all  the 
species  of  Coleoptera  resort  to  flowers,  probably  the  majority  of  the 
Diptera  do  so.     While,  further,  the  mouth-organs  of  our  native 
beetles  show  only   commencing    adaptations,  which  extend  at 
most  over  small  families,  and  may  be  easily  traced  by  intermediate 
stages  to  their  origin,  in  flies  and  gnats  the  mouth  is  so  deeply 
modified  that  it  is  exceedingly  difficult  to  trace  back  its  parts  to 
the  primitive  form  of  the  original  biting  insect-mouth.3    For  our 
present  purpose  it  will  suffice  to  discuss  the  structure  of  the 
mouth-organs  and  the  manner  of  using  them  in  those  Diptera  which 
are  specially  important  as  fertilisers  of  our  native  flowers,  without 
entering  into  questions  of  phylogeny. 

The  family  of  the  Drone-flies,  etc.  (Syrphidai),  are  alone  of  far 
more  importance  as  fertilisers  than  all  our  other  Diptera  put 
too-ether.  Most  of  their  numerous  and  often  very  common  species 
depend  mainly  or  exclusively  on  a  floral  diet,  and  in  this  family  are 
found  the  most  perfect  adaptations  to  a  diet  alternately  of  pollen 
and  honey.    Accordingly,  to  illustrate  the  mouth-organs  of  flies,  I 

i  I  have  fully  discussed  the  development  of  a  dependence  on  flowers  in  beetles  m 
a  snecial  work  This  treats  of  the  first  transition  to  a  floral  diet ;  the  V™V>f* 
LSs  entire  dependence  on  honey  and  pollen  ;  the  attornment  through  practice 
of  a  certain  ease  of  action  upon  flowers,  and  its  hereditary  transmission  ;  a 
the  ^irnlar  behaviour  of  differenfbeetles  which  have  acquired  equal  d sfcucto  al 
adaptation  (H.   Mtiller,   "Die  EntmcJcclung  der  Blumcnthatiylcit  dei  Insekten, 

*T&^Jfc.*£J 'to  our  indigenous  forms.    Tropical  and  subtropical 
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take  the  most  specialised  and  most  abundant  of  the  Syrpliidca, 
Rristalis  and  Rhingia. 

In  Eristcdis  the  outstretched  proboscis  is  seen  to  be  composed  of 
three  segments  (Fig.  4,  4,  5,  6,  and  Fig.  5,  1)  :  (1)  the  mem- 
branous basal  piece  (g),  which  bears  anteriorly  two  unpaired  Qi,  ?'•) 
and  two  paired  (k  k)  elongated  chitinous  pieces,  and  external  to  the 
latter  two  palps  (I  I)  ;  (2)  the  membranous  and  very  contractile 
middle  segment  (/),  only  clearly  separated  on  the  lower  surface ; 
and  (3)  the  extremity  of  the  proboscis,  supported  beneath  by  a 
stiff  chitinous  plate  (c),  and  bearing  at  its  apex  two  contiguous 


Fig.  4.— Mouth-parts  of  Erietalis  (J  :  1). 


l~ SS?4  ot  E-  arbustoruvi  with  retracted  proboscis,  from  the  side. 

2.  — Ditto,  from  below. 

3.  — Ditto,  with  extended  proboscis,  from  above. 

4.  — Extended  proboscis  of  E.  tenax,  from  the  side 

5.  — Ditto,  from  below. 

6.  — Ditto,  from  above. 

of  the  head  into  which  the  whXprVbo's^^  °n  the  side 

flaps  or  lips  each  of  two  parts  (c  e  and  cV),  and  on  its  upper 
surface  a  longitudinal  groove.  Of  the  chitinous  pieces  at  the 
end  of  the  first  segment  of  the  proboscis,  only  the  superior  un- 
paired one  (h),  which  is  prolonged  under  the  membrane  to  the  head 
can  be  looked  upon  as  an  upper  lip  (lalrum);  the  lower  one  (t)  seems 
o  be  formed  by  coalescence  of  the  two  mandibles.  The  upper  lip 
K  Wlth  ltS  COncave  side>  a  groove  directed  downwards  into 
of  tW     PleCG7  *       ^  COmPletely  withdrawn ;  between  the  bases 

of  the  mouth  can  be  seen.    The  free  ends  of  the  two  chitinous 


THE  FERTILISATION  OF  FLOWERS.        [paht  it. 


pieces  /.:  Tc  arise  on  each  side  somewhat  below  the  coalesced  man- 
dibles (ii),  and  bear  palps  on  their  outer  sides;  these  are  there- 
fore, without  doubt,  to  be  looked  upon  as  the  maxillae  with  their 
palps,  while  the  basal  parts  of  the  maxillae  have  coalesced  with 
the  base  of  the  lower  lip  (g)  (labium),  and  are  dimly  visible  below 
the  skin  (4, 1',  Fig.  4).     The  contractile  piece  (/)  and  the  piece 
supported  by  the  chitinous  plate  (e),  form  together  the  free 
superiorly-grooved  anterior  part   of  the  lower  lip;   /  and  e 
probably  represent  the  submentum  and  mentum.     The  flaps 
(cc)  are  probably  not  the  palps  but  the  modified  paraglossae 
borne  on  the  ligula,  though  Burmeister  prefers  to  consider  them 
as  labial  palps. 

Let  us  now  consider  how  these  structures  are  disposed, 
(1)  when  feeding  on  pollen  :  (2)  when  sucking  honey ;  (3)  when 
at  rest. 

(1).  In  feeding  on  pollen,  the  fly  stretches  out  its  extensible 
proboscis,1  moving  it,  according  to  need,  straight  forwards,  out- 
wards, or  upwards,  grasps  with  the  two  flaps  at  its  extremity  a 
little  mass  of  pollen,  rubs  this  down  to  single  grains  by  a  rapid 
motion  of  the  flaps,  and  passes  it  backwards  by  the  same  motion 
into  the  groove  on  the  lower  lip ;  in  this  groove  lies  the  upper  hp, 
which  is  grooved  below,  and,  within  that,  the  chitinous  pieces  which 
are  presumably  formed  by  coalescence  of  the  mandibles,  and  are  now 
prepared  to  seize  the  pollen.    As  soon  as  the  pollen  is  sent  back- 
wards by  the  terminal  flaps,  these  chitinous  pieces  separate  slightly 
the  parts  which  immediately  surround  the  mouth-orifice,  seize  the 
pollen  now  lying  in  the  groove  of  the  lower  lip,  and  thrust  it 
backwards  into  the  mouth.    After  a  few  seconds  the  first  portion 
is  swallowed,  and  the  same  series  of  actions  begins  anew.  When  the 
pollen-grains  are  united  into  long  strings  by  elastic  threads,  as  m 
(Enothera,  an  action  of  the  forelegs,  alternating  with  the  movements 
just  described,  is  necessary  in  order  to  free  the  pollen-grams  from 
the  threads.    After  the  fly  has  torn  away  a  little  mass  of  pollen 
from  the  anther,  it  brings  up  its  forefeet  to  its  mouth  while  s  and- 
in*  on  its  mid  and  hindlegs;  then  taking  the  cord  of  elastic 
th?eads  between  its  forefeet,  and  rubbing  them  together  as  if 
washing  its  hands,  it  tears  the  threads  asunder,  and  frees  proboscis 
and  legs  from  them.    Sometimes,  to  clean  the >  terminal  flaps  from 
adhering  pollen,  it  takes  its  proboscis  in  its  forefeet,  and  rubs  it 

mm.  long. 
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gently  between  them.  A.  remarkable  peculiarity  of  the  flaps, 
shown  in  Fig.  5,  makes  them  admirably  adapted  for  seizing  the 
pollen,  for  grinding  it  down,  and  for  passing  it  backwards ;  the 
apposed  surfaces  of  the  two  flaps  being  closely  set  with  parallel 
ridges  of  chitin,  by  which  the  pollen-grains  are  easily  held  fast,  and 
shoved  into  the  entrance  of  the  groove  (d). 


Via.  5.— Proboscis  of  Eristalis  tenax,  more  highly  magnified. 

t^1^,1?.6  ^^.P"^  °f  tlie  proboscis  of  Erislalis  tenax,  L.,  with  the  flaps  applied  together,  and 
™™  m?  slightly  separated  ;  seen  from  above.  When  the  pieces  h  and  i  are  depressed  in  the 
groove  d,  the  mouth  parts  are  in  the  position  for  feeding  on  pollen. 

InnerTides  ^  °f  th<!  Sam6  probosci8  with  tbo  flaPs  separated  to  show  the  chitinous  ridges  on  their 
Lettering  as  in  the  preceding  figure. 

This  peculiarity  is  undoubtedly  developed  in  connection  with  a 
pollen  diet,  for  it  is  obviously  advantageous  thereto ;  and  it  is  only 
found  in  those  families  of  Diptera  which  visit  flowers  to  obtain 
both  pollen  and  honey  (Syrphidce,  Muscidce,  Stratiomyidce),  and  is 
absent  m  those  which  avail  themselves  of  honey  only  (Bombyliidce, 
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flmpidce,  and  Conopidcv),  and  in  the  gnats,  which  are  also  purely 
suctorial.1 

(2).  In  sucking  honey  the  Syrphidm  place  the  grooved  upper  lip 
(lb,  1,  Fig.  5),  and  the  chitinous  piece  (i)  together,  to  form  a  tube 
which  is  inclined  downwards  and  inclosed  within  the  groove  on 
the  lower  lip.    The  terminal  flaps  may  now  be  useful  in  two  ways ; 
they  may  either  be  laid  close  together  (as  in  1,  Fig.  5)  while  the 
membranous  middle  joint  (/)  of  the  lower  lip  is  so  far  drawn  in  that 
the  suctorial  apparatus  inclosed  within  the  groove  of  the  lower  lip 
protrudes  in  front  of  the  flaps  and  dips  into  the  fluid  to  be  sucked  ; 
or  they  spread  out  the  flaps  wide  apart  so  that  their  rough  inner 
surfaces  rest  upon  the  support,  and  the  point  of  the  suctorial 
apparatus  protrudes  at  the  end  of  the  groove  on  the  lower  lip. 
Flies  with  swollen  cushion-shaped  flaps  (Syrphus  halteatus,  Fig.  7) 
act  usually  in  the  latter  way,  those  with  long  narrow  flaps  (Rhingia, 
Fig.  6)  adopt  exclusively  the  former.    Both  pollen-grains  and  fluid 
which  have  been  carried  into  the  tube  formed  by  the  chitinous 
pieces  h  and  i,  are  aided  in  their  passage  to  the  mouth  by  means  of 
the  sucking  stomach  in  connection  with  it.    The  maxillaa  and  their 
palps  seem  to  play  no  part  either  in  sucking  or  in  feeding  on 
pollen,  and  hence  must  be  looked  upon  as  useless  appendages  in 
the  Syrphidce. 

(3).  To  guard  the  proboscis  when  at  rest,  the  fly  draws  the 
membranous  basal  piece  g  backwards  and  downwards,  the  upper  lip, 
mandible,  and  maxillae,  with  their  palps  fold  upwards,  the  contrac- 
tile middle  piece  (/)  is  closely  drawn  up,  forming  a  few  membranous 
folds  at  the  lowest  part  of  the  proboscis,  the  horny  plate  (e)  and  the 
flaps  (c)  fold  upwards  and  forwards,  and  the  wThole  proboscis  now  lies 
so  deeply  hidden  in  the  deep  cavity  underneath  the  snout-like 
prolongation  of  the  head  (m,  1,  2,  Fig.  4),  that  at  most  the  terminal 
flaps  protrude  slightly  (1,  Fig.  4).  On  examining  the  head  now 
from  below  (2,  Fig.  4)  one  sees  in  the  cavity  only  the  flaps  c  c', 
and  beneath  them  the  upper  part  of  the  chitinous  plate  (c),  whose 
lower  part  lies  hidden  in  the  folds  of  the  .contractile  part  of  the 
proboscis. 

A  further  advance  on  these  adaptations,  fitting  them  still  more 
completely  for  their  threefold  requirements,  is  conceivable,  if  to 
a  still  more  elongated  proboscis  there  is  added  a  greater  develop- 
ment of  the  snout-like  prolongation  of  the  head  which  covers  it 

J  I  have  never  observed  the  Tabanidcc  to  feed  on  pollen,  though  their  end-flaps  are 
roughened  with  chitinous  ridges;  but  1  have  often  found  Tabanw  vucans  and  1. 
luriS  on  flowers,  and  I  think  it  not  unlikely  that  they  sometimes  feed  on  pollen. 
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when  at  rest.  Such  a  state  of  things  is  found  in  Rldngia,  where 
the  proboscis  (11  to  12  mm.  long),  exceeds  in  length  the  whole  body 
(10  mm.),  and  is  not  surpassed  by  that  of  any  indigenous  fly.1 

In  anthophilous  insects,  the  power  to  detect  hidden  honey  ad- 
vances parallel  to  the  structural  adaptations  for  securing  it.  When 
Sprengel  described  flies  as  stupid  insects,  incapable  of  finding 
out  honey  which  lay  concealed,  that  statement  applied  to  the  great 
majority  of  short-tongued  forms,  but  not  at  all  to  forms  with 
long  proboscides,  such  as  the  Syrplddce,  Bombyliidce,  Conopidce,  and 
Empiclce. 

Rldngia  takes  a  foremost  place  in  intellectual  acuteness,  as 
in  the  length  of  its  proboscis,  and  there  is,  I  think,  no  flower 
which  affords  honey  attainable  by  it,  that  it  does  not  discover 
and  make  use  of.  For  instance,  the  deeply-hidden  nectaries 
of  the  Iris  are  more  frequently  visited  by  Rldngia  rostrata 


Fig.  6. — Proboscis  of  Bhingia  rostrata,  L. 

1.  — Side  view  of  head  with  retracted  proboscis. 

2.  — Ditto,  at  the  moment  when  the  proboscis  begins  to  unfold. 

3.  — Ditto,  with  fully  extended  proboscis. 

4.  — Head,  with  retracted  proboscis  seen  from  below,  twice  as  much  magnified  as  in  the  three 
first  figures. 

Lettering  as  in  Fig.  2. 

than  even  by  humble-bees,  though  Sprengel  (p.  74)  considers 
that  no  insects  save  bees  can  find  them,  and  adds  that  this 
goes  without  saying  in  the  case  of  flies,  which  are  so  obviously 
too  stupid. 

But  even  in  the  Syrphidm,  only  a  few  species  have  acquired  so 
highly  specialised  a  proboscis  as  JEristalis :  the  great  majority  have 
a  proboscis  formed  on  a  similar  plan,  shown  in  Fig.  7.  The  labium 
is  much  shorter,  its  extensible  middle  joint  is  wanting,  the 
terminal  flaps  are  swollen  and  cushion-shaped,  and  there'  is  a 
corresponding  diminution  in  intellectual  power.  Of  the  families 
of  Diptera  besides  Syrphidce,  the  Muscidce,  Stratiomyidce,  Bombyliidce, 
Conopidce,  and  Empiclce  are  of  some  importance  in  the  fertilisation 

L^rotht it  aok'rnm°r eq,mlS " * ^  ^        Pr°b°SdS  '  B°mhjlh'S 
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of  flowers.  Of  these  forms  the  first  two  families  both  suck  honey 
and  feed  on  pollen ;  the  last  three  suck  honey  only. 

The  pollen-eating  Muscidce  and  Stra- 
tiomyidce  have  the  same  soft,  cushion- 
shaped,  swollen  end-flaps,  and  the  same 
chitinous  ridges  thereon,  as  the  Syrphidce  ; 
and  in  spite  of  some  structural  differences, 
they  use  their  mouth-organs  in  the  same 
way,  and  retract  them  when  at  rest  into 
a  cavity  below  the  head.  The  merely  suc- 
torial species  of  Bombylius,  Empis,  and 
Conops  have  end-flaps  not  provided  with 
soft  cushions  with  horny  ridges,  but 
formed  simply  of  strong  chitinous  plates, 
which  serve  to  transmit  the  suctorial 
apparatus ;  and  the  proboscis  cannot  be 
withdrawn  into  a  cavity.  So  we  may  con- 
clude that  the  power  of  withdrawing  the 
proboscis  into  a  cavity  below  the  head  is 
of  advantage  only  as  a  protection  for  the 
pollen-feeding  apparatus,  and  has  been 
developed  indirectly  in  relation  to  anthophilous  habits,  like  the 
snout-like  or  beak-like  prolongation  of  the  head  in  Syrphidce. 

Of  the  purely  suctorial  flies,  the  species  of  Empis  carry  their 
thin,  straight  proboscis  directed  downwards,  and  use  it  preferably 
in  that  position ;  accordingly  they  resort  chiefly  to  erect  flowers, 
into  which  they  can  plunge  their  proboscis  vertically.  If  the 
flower  is  tubular,  and  so  long  as  to  require  it,  they  thrust  the 
whole  head  down  into  the  tube,  an  action  which  the  small  size 
of  the  head  facilitates.  The  chitinous  piece  formed  by  coalescence 
of  the  mandibles  is  produced  _  into  a  sharp,  lancet-shaped  plate 
(I  used  Empis  tesselatum  for  investigation),  which,  guided  by  the 
elliptical  end-flaps,  is  used  for  boring  into  juicy  structures,  such  as 
the  inner  wall  of  the  spur  in  Orchis.  Any  considerable  increase 
in  length  in  a  downward-directed  proboscis  is  clearly  impossible 
without  the  development  of  a  joint. 

In  the  habits  of  the  Empidce  we  see  clearly  the  transition  from 
blood-sucking  to  honey-sucking.  Sometimes  in  a  single  species 
the  females,  which  require  more  nourishment,  are  blood-suckers, 
while  the  males  suck  honey  only.1  In  Paltostoma  torrentmm 
{Blepharoceridcn)  two  different  kinds  of  females  exist  together,  one 

1  H.  Miiller,  Nature,  vol.  xxiv.  p.  214  ;  Kosmos,  vol.  be.  pp.  415-417. 


Fig,  7. — Proboscis  of  Syrphus 
balteatus,  De  G. 
Seen  from  below. 

Lettering  as  in  Fig.  2. 
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blood-sucking,  the  other  honey-sucking ;  while  the  males  are  all 
alike  and  all  feed  on  honey.1 

In  the  Conopidce,  the  proboscis,  which  is  still  carried  downwards, 
is  bent,  when  of  considerable  length,  at  the  base,  and  sometimes 
again  near  the  middle ;  and  then,  in  the  latter  case,  the  anterior 
part  shuts  up  into  the  posterior  like  the  blade  into  the  handle 
of  a  pocket-knife,  so  that  the  proboscis  may  still  be  carried  in 
a  vertical  position. 

The  species  of  Bombylius,  on  the  other  hand,  carry  their  proboscis 
(which  is  likewise  too  long  to  be  carried  downwards  and  unbent) 
directed  straight  forwards,  and  permanently  ready  for  action.  They 


Fig.  8.  -Conopidce  and  Bombyliidcc  (Bee-flies). 

1.  — A  Conopid,  Licus  femiginens  (x  17). 

2.  — Head  of  ditto,  with  extended  proboscis 

*'r2boscis  folded  like  the  blade  in  a  pocket-knife. 
4- — A  Bombylid,  Bombylius  major  (x  17). 
5.— Its  proboscis,  more  highly  magnified. ' 


thus  save  time,  sucking  as  they  hover  in  the  air  over  each  flower  with- 
out settling,  and  flying  rapidly  from  one  to  another.  In  the  length 
of  their  proboscis  they  approach  Rhingia,  Bombylius  major  havino- 
a  proboscis  10  mm.  long,  and  B.  discolor  one  of  11  to  12  mm. ;  they 
also  nearly  rival  Rhingia  in  their  powers  of  detecting  concealed 
honey.  The  species  of  Bombylius,  like  those  of  Empis,  are  fitted 
also  for  boring  into  succulent  tissues.  For  the  labium  and  the 
labrum  inclosed  by  it  form  two  grooves  uniting  into  a  tube  in 
which  the  maxilla,  as  two  very  fine  bristles,  and  the  mandibles, 
united  into  one  broad,  strong,  pointed  bristle,  move  backwards  and 

1  Fritz  Miiller,  Komnoa,  vol.  viii.  pp.  37.42. 
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forwards.  The  labrum  itself  is  drawa  out  into  a  stiff,  fine  point. 
Both  the  labrum  and  the  united  mandibles,  held  between  the  long, 
narrow  end-flaps  (paraglossce),  may  easily  be  stuck  into  soft  tissues. 
I  have  often  seen  species  of  Bombylius  thrust  their  tongues  into 
honeyless  flowers  (e.g.  B.  canescens,  Mik.,  into  Hypericum  perforatum), 
and  I  imagine  that  here  the  boring  apparatus  was  being  brought 
into  action. 

While,  so  far  as  I  know,  the  species  of  Bombylius  and  the 
Gonopidcc  restrict  themselves  to  the  juices  of  flowers,  very  many 
other  anthophilous  flies  are  in  the  habit  at  times  of  sucking  all 
kinds  of  other,  often  uncleanly,  fluids.  Thus,  species  of  Eristalis 
may  be  seen  feeding  eagerly  in  gutters,  Seatophaga  and  Lucilia 
on  dung,  Sarcophaga  on  putrid  flesh ;  even  Volucella  bombylans, 
Avhich  is  so  abundant  on  flowers,  I  noticed  in  May,  1869,  feeding 
on  a  floating  carcase,  and  returning  repeatedly  to  it  when  driven 
off.  Several  flowers  seem  to  have  acquired  an  offensive  smell  in 
relation  to  these  habits  of  flies. 

Of  the  second  main  division  of  Diptera,  the  gnats,  the  larger 
forms,  Tipula,  Bibio,  etc.,  are  of  very  second-rate  importance  in  the 
fertilisation  of  flowers;'  they  occasionally  lick  fully  exposed  honey, 
and  so  act  now  and  then  as  carriers  of  pollen.  No  flower  has 
become  specially  adapted  for  them.  Tiny  species  of  midges,  on 
the  other  hand,  e.g.  Psychoda  phalamoides,  which  hide  in  dark 
corners  in  the  daytime  and  fly  actively  in  the  evening,  are  the 
regular  fertilisers  of  the  remarkable  flowers  of  Aristolochia 
Clematitis  and  Arum  maculatum,  which  afford  dark  hiding-places 
for  their  visitors,  and  hold  them  in  a  temporary  prison;  others 
play  an  important  part  in  the  fertilisation  of  Adoxa  and 
Ghrysosplenium. 

The  group  of  Thysanoptera  (Thrips)  are  by  their  small  size 
(hardly  1  mm.  long  at  most,  and  many  times  less  in  breadth)  fitted 
far  better  than  even  the  Anthocoridce  among  the  Hemiptera  or 
Meligethes  among  the  beetles,  for  entering  aU  sorts  of  flowers. 
Probably  few  flowers,  if  any,  are  altogether  exempt  from  their 
visits,  and  though  they  have  seldom  been  detected  in  the  con- 
veyance of  pollen,  yet  from  their  great  abundance  their  value  as 
fertilisers  must  not  be  overlooked.  It  must  be  almost  impossible 
to  exclude  these  tiny  insects,  when  we  try  to  isolate  a  plant 
experimentally  by  means  of  nets.1  The  Thysanoptera  seek  both 
pollen  and  honey.     They  seize  a  single  pollen-gram  m  their 

i  Darwin  whose  experiments  were  always  marked  by  admirable  precautions,  always 
kept  S™'tle  possibility  of  Thysanoptera  entenng  through  Ins  net., 
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mandibles,  and  convey  it  to  the  mouth  ;  they  obtain  honey  by 
applying  the  mandibles  and  maxillae  together  so  as  to  form  a  short, 
conical  sucking-apparatus.  Besides  a  floral  diet,  they  avail  them- 
selves, according  to  Wcstwood,  of  other  plant-juices;1  they  injure, 


Fig.  Q.—Thrips  (Black-fly). 

1. — Thrlx",  seen  from  above  (x  30). 

•2.— Its  head,  more  highly  magnified,  front  view. 

3.— Mandible.  4. — Maxilla.  5.— Labium. 

6.— Leg.  c,  coxa;  f,  femur ;  ti,  tibia  ;  t,  tarsus,  on  the  end  of  which  is  a  sucking  disc  instead 
of  hooks. 

for  example,  cucumbers  and  melons,  and  leave  the  leaves  on  which 
they  have  settled  dotted  over  with  small  dead  spots.  Thus  they 
agree  with  Diptera  in  availing  themselves  both  of  pollen  and  honey, 
and  in  not  restricting  themselves  to  a  floral  diet. 

We  may  here  mention  the  young  larvee  of  Meloe,  called  by  Kirby 2  Pmi- 
culus  Melittm,  and  by  Dufonr  Triungulinus,  which  resemble  the  Thysanoptera 
in  the  activity  of  their  movements,  and  in  their  minute  size  which  permits  entry 
into  all  flowers.  Although  they  visit  flowers  only  to  attach  themselves  as  para- 
sites to  bees,  they  feed  for  the  time  on  pollen  and  honey,  and  getting  thus 
dusted  with  pollen  they  play  a  part  similar  to,  but  even  more  subordinate 
tli an,  that  of  the  Thysanoptera. 


Hymenoptera. 

The  order  of  Hymenoptera  takes  a  still  higher  rank  than  the 
Diptera  in  regard  to  its  adaptations  for  a  floral  diet  and  its 
importance  in  fertilisation;  for  the  great  majority  of  its  members, 
in  the  perfect  state,  are  entirely  dependent  upon  flowers.  Review- 
ing the  main  divisions  of  this  order,  the  Wood-borers  (Sirex,  L.)  are 
the  only  forms  which  I  have  never  found  upon  flowers ;  of  the  ants 
several  species,  of  the  Saw-flies  (Tmthrcdo),  Ichneumons  (Ichneumon, 

x  Introduction  to  tlic  Modern  Classification  of  Iniects,  ii.  v.  i. 
-  Monographia  iipum  Anglim,  pi.  jd.v,  fig. '10. 


\ 


46  THE  FERTILISATION  OF  FLOWERS.        [paet  ii. 

Brawn),  ChalcidiclsB  (Pteromalus),  and  Ruby-tails  (Chrysis),  many 
species,  of  the  Wasps  (Diploptcra)  and  Sand-wasps  (Fossorcs), 
almost  all  which  I  have  had  the  opportunity  of  observing,  and 
of  the  bees  all  species  without  exception,  rely  almost  exclusively 
on  a  floral  diet.1 

All  these  groups,  excepting  the  last  two,  are  only  capable  of 
sucking  honey  from  flat  exposed  surfaces,  and  even  among  the 
Sand- wasps  there  are  few  species  whose  proboscis  can  reach  some 
millimetres  into  a  tubular  flower;  so  that  a  large  proportion  of 
flowers  are  exempt  from  the  visits  of  all  Hymenoptera  except  bees. 
But  bees,  which  not  only  feed  when  in  the  perfect  state  exclusively 
on  the  produce  of  flowers,  but  nourish  their  young  thereon  also, 
are  in  such  intimate  and  lifelong  relations  with  flowers,  that  they 
show  more  adaptations  for  a  floral  diet,  and  are  more  important  for 
the  fertilisation  of  our  flowers,  and  have  therefore  led  to  more 
adaptive  modifications  in  these  flowers,  than  all  the  foregoing  orders 
put  together.  A  closer  study  of  bees  is  therefore  essential  for 
•  a  right  understanding  of  the  fertilisation  of  many  of  our  flowers. 


The  Family  of  Bees. 

The  various  structural  modifications  in  bees  will  be  most  easily 
understood,  if  we  arrange  them  in  the  natural  order  of  genetic 
descent.  For  the  grounds  of  my  views,  I  must  refer  the  reader 
to  a  special  essay  of  mine  on  the  subject  of  bees.2  If  my  conclusions 
are  correct,  bees  are  descended  from  certain  Sand-wasps,  which, 
like  the  species  at  present  existing,  pursued  spiders,  insects 
and  their  larvae,  disabled  them  with  their  sting,  carried  them 
to  their  nests,  and  laid  an  egg  beside  each,  thus  supplying  the 
resulting  larva  with  living  food, — while  the  perfect  insects  fed 
entirely  on  honey  and  pollen ;  these  were  the  founders  of  the  new 
race,  who  gave  up  the  old  manner  of  feeding  the  young  to  feed 
them  with  a  portion  of  their  own  food,  disgorged  from  their 
stomachs.  The  race  thus  started  differed  at  first  from  the  others 
in  nothing  but  this  habit;  but  in  the  course  of  time,  filling 
an  unoccupied  place  in  the  economy  of  nature,  they  increased 

1  For  a  discussion  of  the  genealogical  relations  of  the  families  of  Hymenoptera  and 
their  gradual  acquirement  of  proficiency  in  anthophilous  habits,  consult  my  recent 
works  "  JVic  hat  dcr  Honigbicne  Hire,  geistigc  Bcfahigung  crlangl  ? "  (MlhstUdter  Biencn- 
zcitung,  1875, 1876  ;  and  note  in  Nature,  vol  xv.  p.  178)  and  "Die  Enhvickelung  dcr 
Blumcnthatiglccit  dcr  JnseJctcn,"  ii.  and  iii. 

2  "  Amocndung  der  Darwin' when  Lchrc  auf  Bicncn,  Vcrh.  dcr  naturh.  I  cr.  filr 
pr.  Uhn.nl.  m.  Westfal.  1872,  pp.  1-96. 
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enormously,  and  at  last  formed  the  widely  ramified  family  of  bees ; 
the  still  extending  branches  of  this  family,,  our  recent  bees,  show 
us  in  many  ways  gradations  in  their  adaptations  to  a  floral  diet, 
which  help  us  to  recognise  to  some  extent  the  lines  of  their 
evolution. 

The  species  of  Prosopis  stand  just  on  the  same  level  with  the 
primitive  ancestral  types  of  bees.  In  their  almost  hairless  bodies, 
the  narrow  first  tarsal  joint,  scantily  provided  with  hairs  (Fig.  10,  t'), 
and  their  very  slightly  elongated  mouth- parts,  they  completely 
resemble  the  Sand-wasps,  and  only  claim  to  be  admitted  to  the 
family  of  bees  by  their  manner  of  feeding  the  young.    They  fill 


Fig.  10.— Right  hindleg  of  Prosopu  variegata,  $.   Seen  fron.  behind. 

c,  coxa  ;  tr,  trochanter ;  /,  femur ;  ti,  tibia  ;  t,  tarsus  :  t\  first  joint  of  tarsus. 
(The  tibia  and  tarsus  are  drawn  too  hairy). 


their  brood-chambers  (which  are  lined  with  a  hard  cement  by 
means  of  the  broad  tongue)  with  a  mixture  of  disgorged  honey 
and  pollen,  which  serves  as  food  for  the  lame  on  hatching.  These 
little  active  insects,  which  themselves  have  a  peculiar  odour,  prefer 
strongly  scented  flowers,  licseda,Ruta,Lepidium  sativum, Matricaria, 
AcMllcea,  etc.,  where  they  alternately  suck  honey  and  eat  pollen! 
In  spite  of  their  smooth  bodies,  sticky  pollen  adheres  frequently 
to  them,  especially  to  the  parts  of  the  mouth  and  to  the  slightly 
hairy  legs;  these  have  feebly  developed  brushes  on  their  tarsi 
(Fig.  10,  if),  by  which  the  bee  can  clean  the  whole  upper  surface 
of  its  body  after  burrowing,  but  no  other  part  of  the  body  has 
any  development  of  hairs  suited  for  collecting  pollen. 
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Though  the  species  of  Prosopis  are  thus  no  better  fitted  for  a 
floral  diet  thau  many  Sand-wasps,  they  are  of  far  greater  import- 
ance as  fertilisers  on  account  of  their  more  frequent  visits  to  flowers, 
in  procuring  food  for  the  young.  We  must  consider  minutely  the 
form  and  action  of  their  mouth-organs,  to  understand  the  higher 


Fig.  11.— Mouth-parts  (if  ProsopU. 

P^L^X^enfftoBtre^nof  head  alter  complete  extension  of  the  mouth-parts ,  magnified 

"S  ft-Tte  completely  extended  mouth-parts ;  magnified  as  in  26  and  8.  .       mpntum  . 

Ibr,  labrum  ;  ma.  mandibles  ;  e,  cardo  ;  at,  stipes ;  la,  lamina ;  pm,  maxillary  palp  ,  mt,  mentum  , 
li,  ligula  (tongue)  ;  pa,  puraglossse ;  pi,  labial  ralp  ;  o,  eye. 

and  more  specialised  forms  of  mouth  in  bees.  When  at  rest  (1, 
Fig  11)  the  maxillaB  and  labium  in  Prosopis  are  withdrawn  into  a 
cavity  on  the  lower  surface  of  the  head,  which  they  completely 
fill  They  are  retracted,  not  as  in  flies,  by  the  contraction  of  a 
membranous  piece  into  transverse  folds,  but  by  the  folding  up  oi 
stiff  chitinous  pieces  jointed  together.     The  two  basal  pieces  or 
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cardines  of  the  maxillae  (cc,  4,  Fig.  11),  are  hinged  by  two  joints  to 
the  sides  of  the  cavity  below  the  head,  so  that  they  can  rotate 
backwards  and  forwards.  In  the  state  of  rest  they  are  bent  back- 
wards ;  the  next  segments  (stipites)  (st),  and  the  mentum  which  is 
placed  between,  are  drawn  back,  so  as  to  cover  the  cardines 
completely.  The  laminae  of  the  maxillae  (la),  with  their  palps 
(pm)  and  the  labial  palps  (pi),  are  also  folded  over,  downwards 
and  backwards,  and  the  mandibles  (md)  are  laid  over  the  bases  of 
these  parts,  and  also  cover  the  retracted  tongue  (li)  and  the  down- 
ward-folded upper  lip  (Ibr,  2,  Fig.  11).  In  the  state  of  rest,  the 
mandibles  alone  are  free  to  act,  without  any  other  part  of  the  mouth 
changing  its  place.  When  they  are  separated  (2,  Fig.  11),  the 
upper  lip,  the  tongue,  the  bases  of  the  retracted  maxillae,  the 
maxillary  and  labial  palps,  come  into  view. 

When  the  bee  wants  to  suck  honey,  it  extends  its  maxillae  and 
maxillary  and  labial  palps  forwards,  and  spreads  out  its  tongue 
(3,  Fig.  11);  then  turning  the  cardines  of  the  maxillae  forward 
(c  c,  4,  Fig.  11)  on  their  hinges,  the  maxillae  and  labium  (mentum 
and  tongue)  are  advanced  by  twice  the  length  of  these  cardines, 
and  the  tongue  may  now  be  introduced  into  honey-receptacles  if 
not  too  deep  or  narrow. 

The  Sand-wasps  possess  in  quite  a  similar  manner  the  power  of 
folding  up  the  lower  parts  of  the  mouth  to  bite,  and  extending 
them  to  suck,  and  so  Prosopis  can  show  no  advance  in  fitness 
for  a  floral  diet  beyond  the  ancestors  of  the  bees.  The  only 
peculiarity  which  Prosopis  has  developed  is  the  habit  of  lining  its 
brood-cavities  with  slime,  which  hardens  into  a  thin  shell;  this 
habit  necessitates  a  short,  broad  tongue,  and  therefore  prevents 
the  development  of  a  long  tongue  fitted  for  obtaining  deeplv- 
seated  honey. 

Considerably  higher  in  the  scale  than  Prosopis,  in  regard  to 
such  adaptations,  are  Sphecodes,  and  the  closely  allied,  but  still  more 
specialised  genera,  Ealictns  and  Andrena.  In  all  three,  the  tongue 
(h,  4  Fig.  12;  1  Fig.  13)  is  moderately  short,  and  is  enabled*  to 
reach  more  deeply-placed  honey,  not  so  much  by  its  own  length  as 
by  the  increased  length  of  the  mentum  and  the  cardines.  Unlike 
Prompts  the  tongue  here  is  pointed,  and  more  or  less  covered  with 
•airs  and  fine  transverse  lines  at  the  tip;  since  it  has  become 

n7moe:  fT  ^  "  °f  *  bas  grown  narrowed 

and  moie  elongated  m  many  species  of  Andrena  and  Ealictns,  to 

very  l^fsC™  ^  ^  brood-cavi^>  whicl,  are  generally  subterranean,  with 
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be  of  greater  service  in  honey-getting  (1,  Fig.  13).  In  a  state  of 
rest,  the  lower  parts  of  the  mouth  are  even  more  securely  hidden, 
and  the  mandibles  can  move  even  more  freely,  in  Sphecodes  and 
many  species  of  Halidus  than  in  Prosopis,  for  the  upper  lip  (Ibr,  2, 
Fig.  12)  folds  down  and  completely  covers  the  laminae  and  maxillary 
and  labial  palps. 

The  three  genera  Sphecodes,  Halictus,  and  Andrena  have  advanced 
farther  from  the  state  of  the  ancestral  bees  in  regard  to  the  develop- 
ment of  their  hairy  coat  than  of  their  mouth-parts.  Sphecodes  has 
made  the  first  step  in  advance;  Halictus  and  Andrena  have 
proceeded  farther. 


mil       Zlr  ™<£ 


Fio.  12. — Sphecodes. 

i     Tiidit  hindlee  of  S  aibbus,  L.  9 . ,  hind  view.    Lettering  as  in  Fig.  10. 

2 -  Head  wHh  mandibles  opened,  but  the  lower  mouth-parts  folded  and  hidden  by  the  labruir. 

3 -  Head,  after  removal  of  the  mandibles  and  labrum,  with  unfolded  and  protruded  mouth-parts. 
4  —End  of  labium,  more  highly  magnified. 

Lettering  of  2,  3,  4,  as  in  Fig.  11. 

In  Sphecodes  the  whole  body  is  sparingly  covered  with  hairs 
which  show  the  first  traces  of  feathery  branching ;'  the  legs  are 
more  thickly  clothed  with  hairs,  especially  the  outer  side  of  the 
tibife  of  the  hindlegs  iti,  1,  Fig.  12);  the  tarsi  (f,  1,  Fig.  12)  are 
about  as  narrow  as  in  Prosopis,  but  the  brushes  on  their  inner  side 
are  a  little  better  developed.  The  species  of  Sphecodes  feed  their 
young  in  a  most  primitive  manner,  viz.  on  the  disgorged  surplus  of 
their  own  food ;  yet  they  certainly  derive  advantage  from  the 
hairy  covering  on  their  body  and  hindlegs,  for  the  pollen  which 
sticks  there  in  their  visits  to  flowers  they  wipe  off  with  their  tarsal 
brushes  and  use  incidentally  as  food  for  themselves  or  their  young. 
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In  the  exceedingly  numerous  species  of  Hcdictus  and  Andrma, 
the  hairy  covering  of  the  hindlegs  has  so  increased,  and  the 
development  of  tarsal  brushes  has  become  so  perfect,  that  the 
practice  of  feeding  the  young  on  pollen  collected  by  these  hairs,, 
which  was  only  a  secondary  matter  in  Sphecodes,  is  here  exclusively 
or  mainly  relied  upon.1  The  collecting  hairs  are  spread  over  the 
whole  hindleg  from  the  tibia  to  the  -coxa  (2,  Fig.  13)  ;  even  the 
last  joint  of  the  thorax  sometimes  bears  two  large  tufts  of  hairs 


Fio.  13.—  Halictus  and  Andrena. 
Pi,  UmifZ.  0tHaUCtm  «uadrici™^  P-  ?  •    ■*  montum  ;  U,  ligula  (tongue) ;  pa,  parages*  ; 

f'~?r'fcIht  hindle«  of  the  same  bee. 
thora^tt^^V^tfi^  trnna  9  I  X  right  tuft  of  hair  on  meta- 

adhere  XA^lZ^"  °''  "  A'  praten™  taken  °"  *  willow.   Numerous  pollen-grains 


IS  C°nsiderable  masses  of  P°»en  can  be  lodged  (3,  Fig.  1 3). 
■By  a  notable  increase  in  brpndtl.  nf       +     •  xi  .     B  J 

of  the  tarsal  brushes  is  '  ^ 

E  2 
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In  Andrena  and  Halictus,  although  the  chief  supplies  of  pollen 
are  obtained  by  means  of  the  hindlegs,  yet  in  these  and  in  all  other 
hairy  bees  the  hairy  covering  of  the  body  is  undoubtedly  of  advan- 
tage. In  many  flowers  this  gets  dusted  without  any  direct  effort 
with  a  considerable  quantity  of  pollen,  which  is  then  cleared  off  by 
means  of  the  tarsal  brushes.  In  almost  all  bees  highly  specialised 
for  a  floral  diet,  we  find  the  body  more  or  less  thickly  clothed  with 
long  feathery  hairs. 

The  development  of  the  hairy  covering  is  of  the  highest  im- 
portance for  the  fertilisation  of  flowers.  For  as  the  hairs  easily  take 
up  pollen,  they  give  it  up  again  as  easily  to  viscid  or  rough  stigmas. 
It  would  far  exceed  the  limits  of  our  space  to  discuss  the  adaptive 
modifications  present  in  all  the  groups  of  our  indigenous  bees. 
I  can  only  explain  the  further  development  of  the  pollen-col- 
lecting apparatus  and  of  the  lower  parts  of  the  mouth  by  a  few 
examples. 

We  have  seen  in  Sphecodes,  Ealictus,  and  Andrena,  how  the 
development  of  pollen-collecting  hairs  has  gradually  reached  an 
extreme  pitch  on  those  parts  of  the  body  where  the  burden  is 
least  endangered  by  the  movements  of  flying  and  creeping ;  viz. 
on  the  whole  of  the  hindleg  from  the  tarsus  to  the  coxa,  and  on 
the  hind  part  of  the  thorax.     In  forms  higher  than  Andrena  and 
Halictus,  this  collecting  apparatus  has  attained  still  greater  per- 
fection, in  getting  more  and  more  restricted  to  those  sections  of 
the  hindleg  to  which  the  tarsal  brushes  can  most  readily  apply 
the  pollen  that  they  have  collected,  viz.  the  tarsus  and  tibia.  In 
the  highest  forms,  this  localisation  of  the  collecting-hairs  has  been 
attained  without  diminishing  the  mass  of  pollen,  by  an  increased 
growth  of  hairs  on  the  tibia  and  tarsus  and  a  withdrawal  of  the 
more  distal  hairs  :  this  we  see  most  clearly  in  Dasypoda  and 

Panurgus.  ■    ,, .  , 

In  Dasypoda  (1,  Fig.  14),  the  collectmg-hairs  of  the  tibia  and 
tarsus  have  become  so  long  that  they  can  carry  a  much  greater 
load  of  pollen  than  the  far  more  extensive  collecting  apparatus  ot 
Andrena  pratensis,  Nyl.  (3,  Fig.  13) ;  but  the  hairs  on  the  femur, 
trochanter,  and  coxa,  are  long  and  thick  enough  to  take  a  large 
share  in  the  work.  In  Panurgus  (2,  Fig.  14),  the  collecting  apparatus 
consists  solely  of  the  long  hairs  upon  the  tibia  and  tarsus.  A 
further  advance  is'seen  in  Encera  and  Anthophora,  where  an  increase 
in  breadth  of  the  pollen-collecting  surfaces  of  the  tibia  and  tarsus 
compensates  for  the  shortening  of  the  collectmg-hairs. 

The  last  step  in  the  evolution  of  the  collecting  apparatus  on  the 
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hindlegs  was  attained  through  a  new  habit,  which  rendered  possible 
a  great  economy  of  collecting-hairs,  and  a  great  saving  of  time  in 
emptying  the  collecting  apparatus  and  preparing  the  larval  food. 
This  was  the  practice  of  moistening  the  pollen  with  honey  before 
placing  it  in  the  collecting  apparatus,  so  as  to  form  one  connected 
mass  which  could  be  easily  removed  from  the  collecting  apparatus, 
and  at  once  used  to  feed  the  larvae. 

Macropis  (1,  Fig.  15)  is  in  this  way  able  to  carry  large  balls 
of  pollen  mixed  with  honey  on  its  hindlegs,  though  the  tarsus  and 
tibia  are  clothed  with  comparatively  short  hairs  (2,  Fig.  15). 

In  Bombus  (3,  Fig.  15)  we  have  a  still  farther  advance.  The 
pollen  is  kept  entirely  to  the  outer  side  of  the  hindlegs,  which 


Fig.  14.— Localisation  of  collecting-hairs  on  the  tibia  and  tarsus. 

1.— Bight  hindleg  of  Dasypoda  hirtipeg,  F.  9,  seen  from  behind  and  within  (x  7). 
2  — The  same  leg  of  Panurgus  Banlcsianm,  K.  $  (x  7). 
3. -The  same  leg  of  Anthojihora  (Saropoda)  bimaculata,  Pz.  9  (x  7). 
Lettering  as  in  Fig.  10. 


leads  to  a  still  greater  economy  in  collecting-hairs.  For  the  outer 
surface  of  the  tibia  of  each  hindleg  is  perfectly  smooth,  and  only 
surrounded  at  the  edge  with  a  fence  of  long  hairs,  some  erect,  some 
bent  inwards,  forming  a  kind  of  basket,  in  which  the  pollen-mass 
can  be  heaped  high  over  the  brim.  So  that  not  only  is  there  a 
saving  of  collecting-hairs,  and  a  saving  of  time  in  unloading  the 
collecting  apparatus,  but  the  tarsal  brushes  of  the  hindlegs,  which 
even  in  Macropis  got  charged  with  pollen,  here  resume  their  free 
use  as  brushes. 

Apis,  finally,  stands  on  a  higher  level  than  Bombus  in  the 
arrangement  both  of  its  collecting  apparatus  and  its  tarsal  brushes. 
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While  in  Bombus  the  collecting'  basket  is  walled  in  by  many 
irregular  rows  of  stiff  hairs,  still  showing  traces  of  the  feathery 
branching  of  the  primitively  undifferentiated  hairy  coat,  in  Apis 
(5,  6,  Fig.  15)  these  hairs  have  become  simple  smooth  bristles  with 
no  trace  of  feathery  branching,  and  arranged  in  a  few  close-set  rows. 
The  bristles  of  the  tarsal  brushes  in  Apis  (t'  5,  Fig.  15)  are  arranged 
in  regular  rows,  and  much  more  uniformly  than  in  Bombus  (t'  3, 
Fig.  15) ;  and  the  now  functionless  tibial  spurs,  inherited  from  the 
Sand-wasps,  which,  with  most  other  bees,  they  aid  in  making  holes 
in  earth,  rotten  wood,  etc.,  have  disappeared  from  the  hindlegs. 

The  collecting  apparatus  of  the  hindlegs,  which  culminates  in 
the  hive-bee,  is  peculiar  to  one  of  the  two  main  divisions  of  bees ; 


Fig.  15. — Last  grades  of  perfection  of  the  pollen-collecting  apparatus  of  the  hindleg. 

1.  — Right  hindleg  of  Macropia  labicita.  Vz.  9.    Seen  from  behind  and  within. 

2.  — The  same  laden  with  pollen  of  Lysimachia  vulgaris. 

'A. — Right  hindleg  of  Bombus  Scrimshirianus,  K.  S  •    Seen  from  behind  and  within. 
4.— Its  tibia,  seen  from  the  outside  (pollen-basket). 

5  — Bight  hindleg  of  honey-bee  (Apis  mellifica,  L.  g ).    Seen  from  behind  and  within. 
6. — Its  tibia,  seen  from  the  outside. 
Lettering  as  in  Fig.  10. 

No.  1  naturally  shows  only  a  side  view  of  the  hairs  on  the  outer  surface  of  the  tibia  and  tarsus  of 
Macropia. 


in  the  other  division  a  collecting  apparatus  is  formed  by  hairs  on 
the  ventral  surface  of  the  abdomen.  In  these  forms,  at  least  in 
our  native  species,  we  cannot  trace  a  gradual  development  of  the 
collecting  apparatus  as  in  the  others ;  but  it  possesses  the  same 
main  features  in  all  genera  of  the  group  (Heriades,  Ghelostoma, 
Anthidi'im,  Osmia,  Ghalicodoma,  Diphysis,  Megachilc) ;  so  that  one 
example  will  suffice  for  all. 

The  whole  or  nearly  the  whole  ventral  surface  of  the  abdomen 
is  covered  with  a  brush  of  stiff  bristles  inclined  backwards,  which 
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vary  in  length,  closeness,  and  colour  in  different  species,  but  are 
always  smooth,  without  trace  of  feathery  branching.  This 
abdominal  collecting  apparatus  differs  also  in  its  action  from  the 
collecting  apparatus  on  the  legs  of  the  other  forms ;  in  the  latter, 
the  tarsal  brushes  (formed  of  smooth  stiff  bristles)  sweep  the 
pollen  into  the  tufts  of  feathery  hairs ;  in  the  present  case,  the 
collecting  apparatus  consists  of  a  great  brush  of  feathery  hairs, 
which  themselves  sweep  up  the  pollen.  More  than  nine-tenths  of 
the  flowers  visited  by  bees  with  abdominal  brushes  are  such  as  are 
adapted  to  dust  the  ventral  surface  of  the  bee  with  pollen  (Echium, 
Papilionacece,  Gompositce,  etc.)  without  any  action  of  the  tarsal 
brushes.  Bees  with  abdominal  brushes  may  be  seen,  for  instance, 
upon  a  composite  flower,  thrusting  their  tongues  quickly  into 
one  floret  after  another,  and  at  the  same  time  turning  round 
bodily  so  as  to  force  the  pollen  which  lies  free  on  the  surface  of 


the  capitulum  between  the  hairs  of  the  brush.  The  brush  is  quite 
full  after  visits  to  a  few  capitula.  I  have,  for  instance,  very  often 
seen  Megachile  lagopoda,  K.,  acting  in  this  manner  on  Onopordum 
acanthium,  and  Osmia  spinulosa,  K.,  on  Oarduus  acanthoides.  More 
rarely,  bees  with  abdominal  brushes  maybe  seen  feeding  on  flowers 
whose  pollen  gets  applied  to  their  backs;  in  such  cases,  the 
bee  makes  use  of  its  tarsal  brushes  to  sweep  off  the  pollen 
from  the  parts  where  it  has  fallen  into  the  abdominal  brushes. 
I  have  seen  Anthidium  manicatum  acting  in  this  manner  on  flowers 
of  Ballota  nigra. 

The  latter  mode  of  getting  pollen  is  adopted  only  exceptionally 
by  bees  with  abdominal  brushes ;  the  plan  of  sweeping  it  up  directly 
is  their  usual  method,  and  is  quicker  and  more  productive  than 
the  method  used  by  bees  whose  collecting  apparatus  is  on  their 
legs.     There  can  be  little  doubt  therefore  that  the  bees  with 
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abdominal  brushes  have  adapted  themselves  to  the  flowers  which 
were  fitted  to  dust  their  ventral  surfaces  (Papilionacece,  Compositce, 
Echmm,  etc.),  and  the  contrary  view,  that  these  flowers  have 
become  adapted  to  the  bees,  is  untenable,  for  the  flowers  are 
visited  and  fertilised  by  other  and  far  more  numerous  insects; 
still  more  untenable  is  Delpino's  idea  (e.g.  in  regard  to  Heriadcs 
truncorum  and  Helianthus)  of  mutual  predestination. 

While  a  pollen-collecting  apparatus,  as  we  have  seen,  has  been 
developed  in  very  different  ways  in  the  two  main  divisions  of  the 
family,  the  adaptation  of  the  mouth -parts  for  deeply-placed  honey 
has  advanced  similarly  in  both.  In  both,  a  natural  limit  to  the 
length  of  the  cardines  and  of  the  mentum  (by  which,  in  Prosopis, 
Sphecodes,  Halictus,  and  Andrena,  increased  protrusibility  of  the 
tongue  was  attained)  has  been  fixed  by  the  length  of  the  head, 
underneath  which  these  parts  must  be  withdrawn  to  give  play  to 
the  mandibles ;  and  access  to  more  deeply-placed  honey  is  got  by 
lengthening  the  tongue  itself,  and  by  extension  of  the  membranous 
and  elastic  parts  between  the  mentum  and  the  cardines. 

In  the  higher  forms  of  both  groups,  we  find  that  the  tongue, 
which  was  at  first  much  shorter  than  the  mentum,  and  retractile 
into  it,  is  many  times  as  long  as  the  mentum ;  the  transverse 
markings  (absent  in  Prosopis,  slight  in  Sphecodes,  well-marked  in 
Halictus)  are  present  as  strongly-marked  transverse  rings  over  the 
greater  part  of  the  vermiform  tongue  ;  the  hairs  of  the  tongue,  which 
have  scarcely  a  definite  arrangement  in  the  lower  forms,  form  whorls 
upon  each  transverse  ring,  and  can  be  erected  or  depressed  forwards, 
and  the  originally  membranous  and  elastic  parts  between  the 
mentum  and  cardines  are  elongated  and  supported  by  chitinous 
pieces,  in  such  a  way  that  when  these  fold  together  the  mentum 
is  retracted  between  the  stipites  as  far  as  the  ends  of  the  cardines, 
and  can  be  again  protracted  for  the  full  length  of  the  chitinous 
pieces. 

With  these  modifications  of  the  lower  lip,  certain  changes  in 
the  maxillse  are  closely  associated,  and  advance  similarly  in  both 
divisions  of  the  family.  As  soon  as  the  tongue  has  so  far  increased 
in  length  that  it  can  no  longer  be  quite  withdrawn  into  the  anterior 
hollow  of  the  mentum,  it  comes  to  be  folded  up  downwards  and 
backwards,  and  both  in  the  retracted  and  in  the  extended  state  it 
is  concealed  between  the  lamina?  to  avoid  injury  in  nest-building 
or  in  being  introduced  into  honey-receptacles.  The  lamina?,  once 
devoted  to  the  service  of  the  tongue,  elongate  pari  passu  with  the 
tongue  itself;  and  correspondingly  the  labial  palps  and  at  first  also 
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the  maxillary  palps  elongate  also,  in  order  to  act  still  as  organs 
of  touch.  But  the  maxillary  palps  are  soon  outstripped  by  the 
laminae,  the  labial  palps,  and  the  tongue,  and  becoming  useless 
gradually  abort ;  the  lamina?  and  labial  palps  continue  to  advance 
to  the  full  extent  of  elongation  of  the  tongue.  This  difference  is 
explained  by  the  rise  of  a  new  function  which  the  labial  palps  and 
lamina?  assume,  and  which  renders  them  quite  indispensable  and 
renders  the  maxillary  palps  quite  unnecessary.  For  as  the  tongue 
elongates,  the  lamina?  develop  more  and  more  into  a  sheath  closely 
surrounding  the  tongue,  which  not  only  protects  it  in  retraction 
and  when  being  thrust  into  a  tubular  flower,  but  also  comes  to 


Fig.  17.— Tip  of  Hive-bee's  tongue.    Highly  magnified. 

1.  — End  of  tongue,  seen  from  above.  The  covering  bearing  the  whorls  of  hairs  (Q)  is  torn  away 
at  G  to  expose  the  capillary  tube. 

2.  — The  capillary  tube  with  the  covering  removed,  and  opening  into  the  spoon-shaped  hollow. 
Seen  from  below 

3.  — Side  view  of  the  same. 

C,  capillary  tube ;  W,  its  wall  ;  EC,  skin  adhering  to  the  capillary  tube  ;  O,  ring,  formed  bv 
the  expanded  bases  of  the  hairs  ;  Q,  whorls  of  hairs ;  L,  spoon-shaped  hollow. 

In  1  the  hairy,  concave  upper  side  is  seen ;  in  2  the  lower,  convex,  nearly  naked  side 


play  the  part  of  a  suction-tube,  in  which  the  tongue,  perhaps  by  a 
progressive  erection  from  before  backwards  of  the  whorls  of  hairs, 
conveys  the  honey  taken  up  at  its  point  back  towards  the  mouth. 
In  this  the  labial  palps  are  also  concerned,  for  their  two  or  three 
proximal  joints  become  flattened  and  help  the  lamina?  in  closely 
surrounding  the  tongue,  while  the  last  joint  or  the  two  last  retain 
their  original  function  as  organs  of  touch.  As  soon  as  the  proximal 
joints  of  the  labial  palps  have  come  in  this  manner  to  form  part 
of  the  suctorial  apparatus,  they  naturally  elongate  pari  passu  with 
the  tongue  and  the  lamina?,  and  get  transformed  into  long,  thin 
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chitinous  plates  surrounding  the  tongue,  while  their  terminal  parts, 
still  acting  as  tactile  organs,  retain  their  original  form,  their  short- 
ness, and  their  free  position.  The  maxillary  palps,  originally  six- 
jointed,  get  handed  down  as  useless  heirlooms,  and  show  all  stages 
of  abortion  from  six  joints  to  none. 

A  final  increase  in  the  length  of  the  tongue  over  that  of  the 
organs  which  insheathe  it  is  got  by  making  the  proximal  part  of 
the  tongue  coil  twice  round  and  be  retracted  into  the  hollow  end 
of  the  mentum ;  so  that  the  tongue,  which  in  the  retracted  state 
reaches  quite  to  the  end  of  its  sheath,  may  be  protruded  by  about  the 
whole  length  of  the  sheath  beyond  it.  As  subordinate  adaptations 
in  the  suctorial  mechanism  of  bees,  we  have  sharpening  of  the  ends 
of  the  laminae  to  pierce  succulent  tissues,  and  the  development  of 
a  membranous  lobe  at  the  end  of  the  tongue.  In  the  less 
specialised  bees,  the  tongue  is  supported  throughout  its  whole 
length  by  a  chitinous  ridge  ;  this  in  the  higher  forms  becomes 
a  capillary  tube  which  opens  out  into  the  spoon- shaped  hollow  of 
the  terminal  lobe.  As  soon  as  the  terminal  lobe  reaches  the 
honey,  a  little  honey  ascends  the  capillary  tube  to  the  taste- 
organs,  and  the  bee  may  judge  at  once  whether  to  continue 
sucking  or  not.1 

To  follow  out  in  detail  the  increasing  complexity  of  the  mouth 
in  bees,  through  all  its  stages,  would  be  a  work  of  special  ento- 
mological interest,  as  profitable  as  it  would  be  comprehensive. 
Having  studied  the  first  adaptations  to  a  floral  diet  in  Sphccocles, 
Andrena  and  Halictus,  we  must  pass  over  the  manifold  inter- 
mediate forms,2  and  investigate  the  complex  mechanism  of  the 
mouth  in  the  most  specialised  bees.  I  select  for  illustration  the 
mouth  of  those  bees  which  of  all  insects  play  by  far  the  most 
important  part  in  fertilising  our  indigenous  flowers ;  viz.  humble- 
bees  (Bombus)  and  the  hive-bee  (Apis). 

When  we  see  the  mouth-parts  of  these  bees  fully  extended  and 
artificially  separated  (Fig.  18,  1  and  2),  it  seems  at  first  sight 
hardly  possible  that  a  suctorial  apparatus  so  large  and  complex, 
which  many  times  exceeds  the  head  in  length,  can  be  as  com- 
pletely received  into  a  cavity  below  the  head  as  it  is  in  the  least 
specialised  bees  ;  yet  this  takes  place  by  help  of  the  four  folding 

1  Wolff,  Dan  Ricchorgcm  der  Biene,  1874;  Hermann  Miiller,  Weehselbeidehungen, 
p  30.  In 'the  German  edition  of  this  book,  1873,  the  lobe  is  said  to  be  employed 
probably  in  licking  flat  surfaces  of  honey. 

a  Some  of  these  intermediate  forms  are  figured  in  my  essay,  "Anwendung  der 
Darvvin'schen  Lehre  auf  Bieneu"  (Verhandl.  des  naturhist.  Vermis  fur  pr.  Rhe in- 
land und  Westfalen,  1872). 
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movements  already  mentioned,  whose  various  actions  we  must 
now  consider. 

(1.)  When  the  bee  is  sucking  honey  which  is  only  just  within 
its  reach,  all  the  movable  joints  of  its  suction-apparatus,  cardines, 
the  chitinous  retractors  at  the  base  of  the  mentum,  laminae, 
labial  palps,  and  tongue,  are  fully  extended,  as  in  Fig.  18,  except 
that  the  two  proximal  joints  of  the  labial  palps  are  closely  applied 


Fig.  18. 

from^boZ\xf)°mbUSagr0rUm'F'  9'  withoomPletely  tended  and  separated  mouth-parts.  Seen 

2  —Mouth-parts  of  the  Hive-bee,  in  the  same  position.    Seen  from  below  (  x  ] 2) 
wh?,h  if'c  °,T  J0'ntH  oft,',e  lallial  pa'l,s  "Mdlfletfa.  a  fcongue-sheath "  x  pTece  coverin,;  the  mouth 
winch  lies  between  x  and  mt  lepipharynw,  Westwood)!  y,  submental  (fulcrum  Kir  bvV  77 

5&  w^SS^S« 


to  the  tongue  below,  and  the  laminae  to  the  mentum  and  hinder 
part  of  the  tongue  above.  But  as  soon  as  the  whorls  of  hairs 
at  the  point  of  the  tongue  are  wet  with  honey,  the  bee  by  rotating 
the  retractors  (z  z,  Fig.  19)  draws  back  the  mentum,  and  with  it 
the  tongue,  so  far  that  the  laminae  now  reach  as  far  forward  as  the 
abial  palps  (i.e.  to  the  point  u  in  Fig.  18) ;  and  now  laminaa  and 
labial  palps  together,  lying  close  upon  the  tongue  and  overlapping 
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at  their  edges,  form  a  tube  out  of  which  only  the  part  uw  of  the 
tongue  protrudes.  But  almost  simultaneously  with  these  move- 
ments, the  bee  draws  back  the  basal  part  of  its  tongue  into  the 
hollow  end  of  the  mentum,  and  so  draws  the  tip  of  the  tongue, 
moist  with  honey,  into  the  tube,  where  the  honey  is  sucked 
in  by  an  enlargement  of  the  foregut,  known  as  the  sucking 
stomach,1  whose  action  is  signified  externally  by  a  swelling  of  the 
abdomen.2 

Fig.  19  represents  the  head  of  a  humble-bee  in  the  suctorial 
position.  If  now  the  base  of  the  tongue  is  drawn  back  into  the 
hollow  of  the  mentum  (as  shown  in  Fig.  20),  the  tip  {uw)  is 
drawn,  wet  with  honey,  into  the  tube.    If  the  cardines  (c,  Fig.  19), 


Fig.  19.—  Head  of  Bombus  hortorum,  <?,  with  proboscis  halt  extended. 
Seen  from  the  side  ( x  7).    Lettering  as  in  Figs.  11  and  18. 

which  are  now  directed  vertically  downwards,  are  rotated  back- 
wards, the  base  of  the  suctorial  tube  (at  pm  in  Fig.  19)  will 
be  drawn  back  to  the  opening  of  the  mouth  (between  the  base 
of  the  mandibles  and  upper  lip),  and  by  a  sucking  action  of  the 
sides  of  the  body  [and  (?)  a  simultaneous  action  of  the  erectile 
hairs  on  the  tongue3],  the  honey  is  quickly  carried  into  the 
mouth. 

1  In  Apidce  and  Feqjidcc  the  "  sucking  stomach  "  is  simply  a  lateral  fold  of  the 
foregut ;  in  Crabronidm  it  is  a  vesicle  attached  by  a  short,  narrow  duct,  much  as 
in  Diptera. 

2  Cf.  the  remarks  on  Lmnium  album.  . 
'  3  I  came  to  the  above  conclusion  with  regard  to  the  action  of  the  whorled  hairs 
from  experiments  made  on  bees  and  humble-bees  under  chloroform.    In  these,  some- 
times if  the  tip  of  the  tongue  was  dipped  in  syrup  before  complete  loss  of  conscious, 
new  the  suctorial  movements  took  place  so  slowly  that  their  separate  stages  could  be 
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By  now  rotating  the  cardines  (c)  forwards,  the  whole  suction- 
apparatus  is  carried  forward  by  twice  the  length  of  the  cardines. 
The  retractors  (z  z)  are  now  rotated  forwards  in  their  turn,  and  a 
further  advance  of  twice  their  length  is  given  to  the  mentum  (mt) 
with  its  appendages,  to  the  labial  palps,  and  to  the  tongue,  while 
the  maxillae  remain  in  their  place,  and  their  lamina?  now  inclose 
only  the  mentum  and  the  hinder  part  of  the  tongue.  Finally,  the 
basal  part  of  the  tongue  contained  within  the  hollow  part  of  the 
mentum  is  projected  forth,  and  the  tip  of  the  tongue  now  reaches 
its  farthest  extension  (20  to  21  mm.  from  the  mouth  in  Bombios 
hortorum),  and  dips  again  into  the  honey  at  the  base  of  the  flower. 

In  flowers  which  contain  abundant  honey,  a  humble-bee  may  be 
seen  to  perform  the  act  of  sucking  four  or  five,  or  sometimes  even 
eight  or  ten  times,  the  tip  of  the  tongue  being  each  time  dipped 
into  the  honey,  then  drawn  back  into  the  sheath,  and  the  sheath 
brought  up  to  the  mouth. 

(2.)  To  reach  honey  which  lies  less  deeply,  the  bee  need  not 
rotate  the  retractors  (z) ;  the  tongue  therefore  remains  constantly 
insheathed  by  the  laminae  and  labial  palps,  and  only  the  basis  of 
the  tongue  moves  in  and  out  of  its  cavity  in  the  mentum,  bringing 
its  tip  in  and  out  of  the  extremity  of  the  suctorial  tube. 

(3.)  When  the  bee  flies  from  one  flower  to  another,  it  carries  the 
proboscis 1  extended,  so  as  to  introduce  it  in  the  act  of  alighting 
into  the  tube  of  the  flower ;  but  the  tongue  is  concealed  within  its 
sheath,  to  protect  the  delicate  whorls  of  hairs,  and  to  let  the 
terminal  joints  of  the  labial  palps  perform  their  function  of  tactile 
organs. 

So  in  flying  from  flower  to  flower  the  base  of  the  tongue  is 
contained  within  the  hollow  of  the  mentum,  and  the  retractors  (z) 
are  directed  backwards,  while  the  cardines  may  be  directed  down- 
wards (Fig.  19),  forwards  (Fig.  18,  2),  or  backwards,  according  to 
the  depth  of  the  flower  which  the  bee  has  in  view. 

clearly  distinguished  ;  they  were  as  described  above.  What  went  on  between  the 
chitinous  plates  of  the  laminae  and  labial  palps  was  of  course  invisible,  but  when 
these  parts  were  drawn  aside,  a  progressive  erection  of  the  whorls  from  the  tip  of 
the  tongue  backwards,  could  sometimes  be  clearly  seen.  The  fact  that  the  basal  part 
of  the  tongue,  which  gets  drawn  into  the  hollow  of  the  mentum,  is  free  from  whorls, 
seemed  to  stand  in  accordance  with  this  action.  At  the  same  time,  special  muscles 
for  the  erection  of  the  whorls  are  not  present  ;  and  therefore  my  explanation  becomes 
unsatisfactory.  In  several  Brazilian  bees,  my  brother  Fritz  Miiller  has  found  that 
the  hairs  of  the  tongue  are  transformed  into  stalked  scales,  which  seem  hardly  fitted 
to  drive  the  honey  inouthwards  by  erection.  In  an  undescribed  azure-blue  Euglossa, 
the  imbricated  scales  seem  to  form  a  tube  round  the  tip  of  the  tongue,  so  that  here 
suction  may  perhaps  go  on,  without  the  tip  of  the  tongue  being  withdrawn  into 
the  sheath  formed  by  the  lamina;  and  labial  palps. 

1  The  whole  suctorial  apparatus  is  thus  designated  for  shortness'  sake. 
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(4.)  The  mouth-organs  must  assume  exactly  the  same  position 
when  the  bee  bores  into  delicate  tissues  by  means  of  the  sharp 
points  of  its  laminae ;  whether  to.  secure  the  sap,  as  in  the  case 
of  our  orchids  which  secrete  no  free  honey,  or  to  reach  deeply- 
placed  honey  through  the  aperture,  as,  for  example,  Bomlus  terres- 
tris  does  m  the  case  of  meadow-clover  and  many  other  long- tubed 
flowers. 

(5.)  In  collecting  pollen,  hive-bees  and  humble-bees  use  their 
mouth-parts  in  two  different  ways  to  moisten  it,  according  as  it 
is  the  fixed  pollen  of  entomophilous,  or  the  loose,  easily  scattered 
pollen  of  anemophilous  flowers.  In  the  former  case  (e.g.  when 
Apis  mellifica  collects  pollen  on  Salix),  the  bee  has  its  suctorial 
apparatus  completely  folded  down  (as  in  Fig.  21),  bringing  the 
mouth-opening,  which  lies  between  the  base  of  the  mandibles  and 
the  labrum,  close  over  the  pollen.  The  bee  ejects  a  little  honey  on 
the  pollen,  and  then  takes  it  up  by  means  of  its  tarsal  brushes  and 
places  it  in  the  baskets  on  the  tibiae  of  its  hindlegs ;  it  often 
makes  use  of  its  mandibles  to  free  the  pollen,  before  moistening  it 
with  honey.  In  the  latter  case,  which  I  have  observed  in  Plantago 
lanceolaia  and  which  will  be  fully  described  in  my  account  of  that 
plant,  the  bee,  hovering  over  the  flower,  ejects  a  little  honey  upon 
the  anthers  from  its  suction-tube,  which  is  fully  extended  but 
completely  sheathes  the  tongue.  In  this  case,  therefore,  as  when 
alighting  to  suck  upon  a  flower  or  when  boring  into  soft  tissues,  the 
base  of  the  tongue  is  contained  within  the  hollow  of  the  mentum, 
and  the  retractors  are  directed  backwards.  Since  hive-bees  and 
humble-bees  on  entomophilous  flowers  suck  honey  with  out- 
stretched proboscis  and  collect  pollen  with  it  folded  up,  and 
on  anemophilous  flowers  collect  pollen  only,  it  follows  that  they 
can  never  suck  honey  and  gather  pollen  simultaneously ;  they 
must  always  do  first  one  and  then  the  other,  and  since  the  pollen 
has  to  be  moistened  with  honey,  the  act  of  sucking  must  always 
be  the  first. 

But  all  forms  of  bees  which  collect  dry  pollen  among  their 
feathery  collecting-hairs,  may,  so  far  as  the  structure  of  the  flower 
permits,  gather  pollen  and  suck  honey  at  the  same  time,  and  they 
perform  the  latter  action  in  exactly  the  same  way  as  hive-bees 
and  humble-bees  do.  Bees  with  abdominal  collecting-apparatus 
may  with  the  greatest  ease  perform  both  acts  together  on  flowers 
which  present  their  pollen  from  below. 

(6.)  Finally,  to  place  the  mouth-parts  in  a  position  of  rest, 
or  to  make  use  of  the  mandibles,  the  bee  brings  all  the  four 
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folding  movements  which  its  suction  apparatus  is  capable  of 
into  play  simultaneously.  It  draws  back  the  base  of  the  tongue 
into  the  hollow  end  of  the  mentum  (as  in  Fig.  20)  ;  folds  the 
tongue,  together  with  the  inclosing  laminae  and  labial  palps, 
downwards  and  backwards  (Fig.  20  shows  this  action  beginning), 
draws  the  retractors  (z)  backwards  (half  completed  in  Fig.  20), 
and  rotates  the  cardines  c  (which  in  the  figure  are  still  directed 
obliquely  forwards),  backwards  ;  the  whole  apparatus  is  thus  folded 
together,  and  lodged  in  the  cavity  below  the  head,  completely 
filling  it  (Fig.  21,  1). 


Fig.  20—  Sucking  apparatus  of  Bombus  silvarum,  L. ,  half  folded  up.    Side  view. 

The  outer  wall  of  the  hollow  end  of  the  mentum  is  broken  away  to  show  the  involution  of  the 
lowest  piece  of  the  tongue,  abc. 

Letters  as  in  Fig  18,— except :  a,  base  of  tongue ;  b,  angle  of  fold  ;  abc,  part  of  tongue  folded 

in  mpntum  to 


When  the  hive-bees  and  humble-bees  were  declared  to  be  the 
most  important  of  all  insects  in  the  fertilisation  of  our  native 
flowers,  this  assertion  applied  only  to  the  individuals  concerned 
in  the  care  of  the  young,  i.e.  the  workers  among  the  hive-bees, 
and  the  females  and  workers  among  the  humble-bees. 

In  all  species  which  provide  for  their  own  young,  the  males  are 
of  much  less  use  in  fertilising  plants  than  the  females,  as  they  only 
look  after  their  own  maintenance,  and  accordingly  neither  collect 
pollen  nor  visit  flowers  very  diligently.     Yet  in  all  species  in 
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which  a  more  or  less  thick  coat  of  feathery  hairs  has  become 
developed  upon  the  bodies  of  the  females,  it  has  become  trans- 
mitted by  inheritance  to  the  males  also,1  so  that  they  in  their  visits 
to  flowers  collect  pollen  as  well  as  the  females.  It  is  otherwise 
with  the  majority  of  those  bees  which  have  acquired  the  habit  of 
not  gathering  pollen  themselves  to  feed  their  young,  but  of  laying 
their  eggs  in  the  nests  of  other  bees  already  stored  with  food. 
Some  of  these  "cuckoo-bees,"  which  have  acquired  the  habit  in 
comparatively  recent  times,  as  the  parasitic  humble-bees  (Apathus 
or  Psithyrus),  have  almost  the  same  development  of  hairs  as  their 
parent-form  ;  others  which  acquired  it  earlier,  as  Nomada,  Efeolm, 


Fio.  21.—  Mouth-parts  of  a  Humble-bee  {B.  hortorum,  $  )  iu  retracted  condition. 


2-HeatTnsidTview!0with  proboscis  bent  slightly  downwards,  ant.  antennas ;  other  letters  as 
in  Fig.  18. 

Ccelioxys,  and  Stelis,  have  almost  entirely  lost  the  hairy  coat,  while 
retaining  in  perfection  the  suctorial  apparatus  which  furnishes 
them  with  their  own  food.  Males  and  females  of  these  "cuckoo- 
bees  "  thus  plunder  flowers  of  their  honey,  like  the  males  of  the 
hairy  bees,  without  being  of  corresponding  advantage  to  the  flowers 
in  the  carriage  of  pollen  ;  for  only  very  little  pollen  adheres  to  their 
naked  or  almost  naked  chitinous  bodies.2 

i  For  a  further  account  of  this  hereditary  transmission  see  my  work  No.  613. 

"  I  have  investigated  the  actions  of  male  bees  and  of  cuckoo-bees  m  regard  to 

Weibchen"  (Kosmos,  ix.  pp.  351-370,  415-432.  1882.) 
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Lepidoptera. 

If  the  chief  divisions  of  insects  are  to  be  arranged  in  the  order 
of  their  importance  as  fertilisers  of  our  native  flowers,  the  first 
place  must  decidedly  be  given  to  bees, — while  the  Lepidoptera  take 
only  the  second  or  third  place,  before  or  after  the  Flies.  But  if, 
as  here,  we  base  our  arrangement  on  the  degrees  of  adaptation  to 
flowers,  they  undoubtedly  take  the  first  place,  as  the  only  order 
which  throughout,  and  not  only  in  certain  of  its  families,  is  fitted 
for  obtaining  honey. 

In  the  perfect  state,  butterflies,  so  far  as  they  take  food  at  all,- 
which  is  not  the  case-  in  all  species,  restrict  themselves  almost 
entirely  to  honey ;  and  since  they  take  no  further  thought  for  their 
young  than  to  lay  their  eggs  sufficiently  concealed  upon  the  food- 
plant,  their  mouth-parts  have  been  quite  free  to  adapt  themselves 
to  the  easy  winning  of  honey  from  the  most  various  flowers.  This 
adaptation  is  attained  by  an  astonishing  development   of  the 
maxillary  laminae,  with  suppression  of  the  greater  part  of  the 
rest  of  the  mouth-organs.     The  upper  lip,  or  labrum  (Ibr,  2, 
Fig.  22),  and  mandibles  (md)  are  aborted.     The  laminae  of  the 
maxillae  are  transformed  into  two  immensely  long,  hollow,  rounded 
filaments,  provided  with  semicircular  grooves  on  their  inner  sur- 
faces, and  so  forming  a  tube  when  placed  in  close  apposition ;  in 
the  state  of  rest  this  tube  is  spirally  coiled,  and  concealed  between 
the  labial  palps.    The  maxillary  palps,  which  are  not  visible  in  my 
figure,  and  also  the  labium,  are  usually  more  or  less  abortive.  The 
whole  mechanism  of  the  mouth,  so  complex  and  many-jointed  in 
bees,  is  thus  here  reduced  to  a  long,  thin,  suctorial  tube  formed  of 
two  apposed  grooves  and  capable  of  being  rolled  up  into  small 
space,  and  of  a  protective  covering  for  this  tube. 

With  this  simple  mechanism,  Lepidoptera  are  able  to  probe 
the  most  various  flowers,  whether  flat  or  long  and  tubular,  and 
to  secure  their  honey.  Peculiar  stiff,  sharp-pointed  appendages 
at  the  ends  of  the  lamina  (5,  Fig.  22)  enable  them  also  to  tear 
open  delicate  succulent  tissues,  and  make  use  of  the  sap  in  flowers 
which  secrete  no  free  honey  (cf.  Gytisus  Laburnum,  Erythrva 
Cmtaunvm  Carum,  etc.)  At  the  Cape  of  Good  Hope,  Lepidoptera 
do  damage  to  plums  and  peaches  by  piercing  their  skins  in  this 
manner.*  In  Queensland  also,  the  oranges  are  injured  by  a 
nocturnal  form,  OpMdcres  fullonica,  the  powerful  teeth  on  whose 

1  Ann.  ami  Mag.  of  JY.  E.,  September,  1869. 
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proboscis  are  figured  and  described  by  M.  Kunkel,1  Francis  Darwin,2 
Reginald  Bligh  Read,3  and  W.  Breitenbach.4  My  brotber  Fritz 
Miiller  thinks  that  some  of  the  appendages  of  the  proboscis  in 
Lepidoptera  may  be  organs  of  touch  or  taste.  These,  which  differ 
much  in  number,  size,  and  form  in  different  species,  are  usually 
somewhat  movable,  and  bear  at  their  tips  a  delicate  rod,  re- 
sembling the  tactile  rods  or  olfactory  hairs  of  Crustacea,  etc. 
Among  the  forms  in  which  these  have  been  noted  are  Prepona 
Laertes,  LTesperocharis  Erota,  Colccnis  Julia,  Apatura  Hiibneri. 


Fic.  22.— Adaptive  modifications  in  Lepidoptera. 

1  —Head  of  Polyommatus  Phloeas.  L.,  with  proboscis  half  unrolled. 

2.  — Head  of  Vanessa  Io,  L.,  after  both  lamina  of  the  maxillie  and  the  labial  palps 
out  away  at  their  bases  (x  7).  ...  ,.  ,. 

3.  -  Part  of  the  lamina  of  Macroglossa  fuciformis,  L.,  seen  from  within  ;  more  highly 

a,  °ll^1rJ?lf^sverse  section  0f  the  apposed  laminm  of  the  same  insect,  equally  inngnifled. 
ormed  by  apposition  of  the  two  channels. 

5.  Point  of  lamina  of  Vanessa  Atalanta,  L. 

Lettering  in  2  as  in  Fig.  11. 


have  been 
magnified. 
aa,  tube 


In  regard  to  their  length,  the  maxillary  laminae  of  our  Lepi- 
doptera show  all  degrees,  from  the  proboscis  of  the  Convolvulus 
Hawk-moth,  80  mm.  long,  to  a  proboscis  scarcely  a  millimetre 
long.  Their  mouth-organs  may  be  almost  entirely  abortive  and 
only  comparable  to  those  of  the  Phryganidce,  pointing  to  these  as 


1  Comptes  Bendus,  August  30,  187o. 

2  Q  J.  Micros.  Sci.  vol.  xv.  N.S.,  pp..  385—300. 

3  Proc.  Linn.  Soc.  N.  S.  Wales,  August,  18/8.  , 

4  ArcMv.  f.  Mier.  Anat.  Bd.  xiv.  pp.  308-317  Breitenbach  has  since  pub- 
lished some  further  studies  oil  the  boring  apparatus  of  Lepidoptera  (ihA,  Bd.  xv. 
pp  8-19  •  Entomol,  NachricMen,  September  15,  1879,  rad  February  15,  1880). 
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the  ancestors  of  the  Lepidoptera.     In  a  former  work  1  I  have 
sought  to  establish  the  pedigree  of  Lepidoptera,  which  has  been 
foreshadowed  by  entomologists  since  last  century  :  the  subject  has 
been  much  more  thoroughly  discussed  by  my  friend  Dr.  A.  Speyer,2 
by  Mr.  R.  MacLachlan,3  and  by  my  brother  Fritz  Miiller.4  Apart 
from  tiny  midges  {e.g.  the  fertilisers  of  Arum  and  Aristolochia), 
and  from  those  insects,  especially  beetles  and  bees,  which  occasionally 
or  habitually  take  up  their  quarters  for  the  night  in  flowers, 
Lepidoptera  seem  to  be  the  only  insects  which  do  not  confine 
their  visits  to  flowers  to  the  daylight :  a  large  number  of  their 
species  have  acquired  the  habit  of  seeking  their  honey  in  the  dusk 
of  summer  nights  and  evenings,  free  from  the  competition  of 
other  insects.5    But  in  our  climate,  summer  evenings  on  which 
twilight-loving  and  nocturnal  Lepidoptera  fly  abundantly  are  not 
very  numerous.    Though  the  swift  and  violent  movements  of  these 
species  may  be  due  to  the  shortness  of  the  period  suitable  for  their 
flight,  or  to  the  pursuit  of  bats,  this  peculiarity  is  of  very  great 
importance  to  the  plants  they  visit ;  for  the  more  flowers  will  be 
visited  in  a  given  time,  the  less  time  that  is  spent  on  each,  and  the 
shorter  the  time  that  is  spent  in  the  flight  from  one  to  another. 
This  explains  how  many  flowers  have  adapted  themselves  specially 
to  nocturnal  insects,  both  by  their  light  colours,  visible  in  the  dusk, 
.  and  by  their  time  of  opening,  of  secreting  honey,  or  of  emitting 
their  odour.    The  Sphingidse  perform  their  work  as  fertilisers 
peculiarly  rapidly,  dropping  their  long  proboscis  into  a  flower 
while  hovering  over  it,  and  instantly  hastening  away  on  their 
violent  flight  to  another.    Accordingly  most  nocturnal  flowers  have 
adapted  themselves  specially  to  these  Lepidoptera,  hiding  their 
honey  in  such  deep  tubes  or  spurs  that  it  is  only  accessible^  the 
Sphingidse. 

PK  RheMand  Und  WeStfaUn>  1869>  "C— 

*  Stcttiner  Entom.  Zeitung,  1869,  pp.  202—223 
3  J.  Linn.  Soc,  Zool.,  vol.  xi.  p.  100. 

*  Kosmos,  vol.  iv.  pp.  388—390. 

In  South  Brazil,  according  to  mv  brother  TWr»  MiilW  o  „„„;  i  >  . 

pallida,  Lep.,  seeks  honey  ^v^^^^^^j^  A^ 
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THE  MECHANISMS  OF  FLOWERS. 

In  this  section  I  propose  to  discuss  such  questions  as  the  following,  in 
regard  to  a  number  of  native  or  commonly  cultivated  plants.  By  what  insects 
is  each  visited  ?  What  does  the  insect  come  in  quest  of,  and  how  does  it 
behave?  In  what  manner  does  it  effect  transference  of  the  pollen?  What 
peculiarities  of  the  flower  have  special  relation  to  the  particular  visitors  ? 
What  special  peculiarities  of  the  flower  aid  cross-fertilisation  in  case  of  insect- 
visits?  In  absence  of  insects,  can  self-fertilisation  take  place,  and  to  what 
extent  does  it  actually  occur  ? 

There  are  few  instances  in  which  I  am  in  a  position  to  answer  all  these 
questions.  In  some  cases  I  have  studied  the  structure  of  the  flower  but 
have  never  had  an  opportunity  of  observing  its  insect-visitors  ;  in  other  cases 
I  have  noted  insect-visitors  without  studying  closely  the  mechanism  of  the 

flower.  .  . 

In  choosing  my  figures  I  have  taken  account  of  those  already  existing. 
In  many  cases  I  have  omitted  to  figure  flowers  which  happen  to  be  well 
illustrated  in  the  works  of  Sprengel,  Darwin,  or  Hildebrand  (e.g.  Aristolochia 
Clematidis,  Viola  tricolor) ;  in  other  cases  I  have  selected  a  different  species 
of  the  genus  {e.g.  Iris,  Polygala).  And  in  most  cases  I  have  passed  over  with 
a  few  words  flowers  which  have  been  described  elsewhere  in  great  detail, 
unless  I  had  to  correct  or  amplify  the  previous  accounts. 

Professor  Schenck  of  Weilburg  has  checked  my  identifications  of  the  greater 
part  of  my  bees,  wasps,  and  sand-wasps  (fossores)  ;  Mr.  Frederick  Smith  has 
compared  all  my  species  of  bees,  wasps,  and  sand-wasps  with  the  collection  m 
the  British  Museum  (which  includes  Kirby's  type-specimens)  ;  Dr.  Speyer  oi 
Rhoden  has  placed  my  determinations  of  Lepidoptera  beyond  dispute,  and 
Herr  Winnertz  of  Crefeld  has  identified  those  Diptera  concerning  which  1 
remained  doubtful.  Herr  Borgstette,  jun.,  of  Teklenburg,  lias  sent  me  numerous 
insects  collected  upon  flowers  in  his  neighbourhood,  along  with  accurate 
records  of  the  plant  on  which  each  specimen  was  obtained. 

Contractions  employed  in  the  Lists  of  Insects. 

lh.=licking  honey;  s.  =  sucking;  c.p.  =  collecting  pollen  ;  f.p.  =  feeding 
on  pollen;  cor.  =  corolla  ;  ab.  =abundanl. 
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Sld.=Sauerland  (Warstein,  Molmethal,  Briion)  ;  Tekl.=-Teklenburg  (Herr 
Borgstette)  ;  Th.=Thuringia  (ueighbourhood  of  Miihlberg).  In  all  cases  in 
which  the  locality  is  not  specially  mentioned,  the  observation  was  made  near 
Lippstadt. 

Numbers  placed  in  brackets  after  the  names  of  insects  indicate  the  length 
of  the  proboscis  in  millimetres. 

^  =male  ;  ?  =  female  ;  *}  =  worker. 

Ord.  ranungulacem 

1.  Clematis  recta,  L.— The  flowers  are  destitute  of  honey. 
When  they  open,  the  stigmas  are  still  immature,  and  are  covered 
up  partly  by  the  stiff  hairs  of  the  pistil,  and  still  more  efficiently 
by  the  stamens  which  press  closely  upon  them.    The  outermost  of 
these  latter  soon  begin  to  bend  outwards,  and  their  narrow  anthers 
dehisce  lengthwise,  so  that  the  broad  connectives  appear  covered 
on  both  sides  with  pollen.   At  this  time,  the  flowers  are  well  fitted 
to  supply  pollen  to  insects,  but  the  stigmas  are  unable  to  retain 
pollen  with  which  the  insect-visitors  are  coated.     The  bending 
outwards  and  dehiscence  of  the  anthers  now  proceeds  centripetally, 
and  before  the  innermost  stamens  have  joined  the  rest  the  stigmas 
lie  fully  developed  in  the  middle  of  the  flower.    Insects  which  come 
at  this  period  from  other  flowers  and  settle  in  the  middle  must 
accomplish  cross-fertilisation.     Bees  almost  always  alight  in  the 
middle  of  the  flower,  both  because  ■  they  can  more  conveniently 
reach  the  stamens  from  the  centre  than  from  the  edge,  and  also 
because  the  anthers  near  the  centre  are  least  likely  to  have  been 
already  emptied.     The  pollen-eating  flies  which  settle  at  random 
on  the  flowers  and  creep  about  in  them  can  produce  self-fertilisation 
as  easily  as  cross-fertilisation.     In  default  of  insect-visits,  self- 
fertilisation  readily  takes  place,  for  the  outermost  stigmas  are  often 
touched  by  pollen  at  the  bursting  of  the  anthers,  and  frequently 
part  of  the  stigmas  lie  so  that  pollen  may  fall  directly  on  them 
from  anthers  above. 

Since  the  flowers  are  destitute  of  honey,  and  all  attractions  for 
insects  therefore  cease  with  the  dispersal  of  the  pollen,  their  pro- 
terandrous  condition  has  not  been  able  to  perfect  itself.'  They  are 
naturally  ordy  visited  persistently  by  pollen-seeking  insects,  but 
by  these  m  considerable  abundance,  owing  to  the  large  stock  of 
pollen. 

A.  Hymenoptera-(a)  Apxdm :  (1)  Prosopis  signata,  Pz.  J ,  f.p. .  (2)  Andrena 
uwynana,  Iv.  ? ;  (3)  A.  albicans,  K.  ? ;  (4)  Halictus  sexnotatiis,  K.  P  ; 
(o)  Osniia  rufa,  L.  ?;  (6)  Bomb™  terrestris,  L.  ?;  (7)  Apis  mellifica,  L.  <?  \ 
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(b)  Sphegidm :  (8)  Oxybelus  uniglumis,  L.,  f.p.  ah.  ;  (9)  Gorytes  mystaceus,  L., 
hovering  over  the  flowers,  perhaps  in  order  to  plunder  flies  ;  (c)  Vespuhc : 
(10)  Odynerus  parietum,  L.  ?  ,  do.  B.  Diptera—  (a)  Syrphidm:  (11)  Syrphus 
pyrastri,  L. ;  (12)  Helophilus  floreus,  L.  ;  (13)  Eristalis  sepulcralis,  L. ; 
(14)  E.  arbustorum,  L. ;  (15)  Syritta  pipiens,  L. ;  (16)  Xylota  ignava,  Pz. ; 
(17)  X.  lenta,  Mgn.,  all  f.p.;  (6)  Muscidce :  (18)  Prosena  siberita,  F. 
C.  Coleoptera — (19)  Trichius  fasciatus,  L.,  devouring  the  whole  of  the  anthers. 

In  Clematis  Balearica,  Rich.  (0.  cirrhosa,  L.),  the  outermost 
stamens  are  metamorphosed  into  spoon-shaped  nectaries,  which  are 
sucked  by  Bombus  and  Xylocopa ;  in  Clematis  integrifolia,  L.,  the 
inner  stamens  secrete  honey  (567,  p.  8). 

2.  Thalictrum  aquilegifoLium,  L. — The  stamens  in  this 
plant  play  the  part  of  petals :  they  are  of  a  pale  lilac  colour, 
thickened  and  club- shaped,  and  radiate  outwards,  forming  consider- 
able bundles,  fifteen  to  twenty  mm.  in  diameter.  When  the 
flower  opens,  the  stigmas  are  covered  over  and  shielded  from 
insects  by  the  central  stamens,  which  are  crowded  together  and 
have  their  anthers  still  closed.  In  young  flowers  the  insects 
alight  upon  the  anther-bearing  points  of  the  stiff  filaments,  and 
climb  with  some  difficulty  around  and  over  them  in  search  of 
pollen.  In  older  flowers  the  central  stamens  are  directed  more 
outwards,  so  that  now  the  insects  can  alight  more  conveniently 
upon  the  stigmas.  Thus  cross-fertilisation  is  accomplished.  In 
default  of  insect-visits,  self-fertilisation  is  provided  for  by  part  of 
the  stigmas  always  standing  in  the  way  of  falling  pollen. 

The  flowers  are  devoid  of  honey,  and  are  visited  only  by  pollen- 
seeking  insects. 

A.  Hymenoptera— Ajpidce :  (1)  Prosopis  signata,  Pz.  $  9,  f.p.  ;  (2)  Halictus 
sexnotatus,  K.  $  ,  c.p.  ;  (3)  Apis  mellifica,  L.  $  ,  c.p.    B.  Diptera— Syrphidm : 
(4)  Rhingia  rostrata,  L.  ;  (5)  Eristalis  arbustorum,  L.  ;  (6)  E.  nemorum,  L.  ; 
(7)  E.  sepulcralis,  L.  ;  (8)  E.  tenax,  L.,  all  f.p.    C.  Coleoptera— (9)  Trichius 
asciatus,  L.,  devouring  the  anthers  bodily.    See  also  No.  609,  p.  125. 

Atragcne  alpina,  L. — The  pendulous  violet  flowers  only  give  up 
their  honey  to  insects  which  can  force  asunder  the  numerous 
stamens,  which  are  set  closely  in  several  whorls,— viz.  bees  and 
humble-bees ;  and  in  point  of  fact  only  these  insects  have  been 
observed  to  fertilise  the  plant  (590,  609).  The  grooved  inner  surface 
of  the  basal  half  of  the  filament  secretes  and  lodges  honey. 

3.  Thalictrum  flavum,  L. — This  plant,  which  is  abundant 
on  meadows  by  the  Lippe,  has  likewise  honeyless  flowers.    I  found 
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them  to  be  chiefly  visited  by  pollen-feeding  flies,  and  on  July  1, 
1868,  I  took  the  following  :— 

A.  Diptera—  (a)  Syrphidm:  (1)  Eristalis  nemorurn,  L.  ;  (2)  E.  arbustorum, 
L.  ;  (3)  E.  tenax,  L.  ;  (4)  E.  sepulcralis,  L.,  all  four  f.p.,  very  ab.  ;  (5)  Syritta 
pipiens,  L.,  f.p.  ;  (b)  Musculo: :  (6)  Pollenia  Vespillo,  F.,  f.p.,  ab.  B.  Hyrnen- 
optera — Apidoz  :  (7)  Apis  mellifica,  L.  $  ,  c.p.  .,  very  ab. 

Thalictrum  minus,  L.,  is  an  anemophilous  descendant  of  ento- 
mophilous  ancestors.  The  flowers  are  proterogynous,  and  retain,  as 
traces  of  their  former  entomophilous  condition, — the  non-simultane- 
ous dehiscence  of  the  anthers,  slight  cohesiveness  of  the  pollen,  and 
perhaps  also  the  conspicuous  yellow  colour  of  the  anthers  (590,  I.). 


Tig.  23. — Atragene  alpina,  L. 


A.  — Flower  in  side  view,  x  f. 

B.  — Ditto,  after  removal  of  one  sepul. 

C.  — One  of  the  four  large  petals. 

D.  — One  of  the  inner  small  petals,  with  a  rudimentary  auther-lohe 
at  one  side  (C  and  D  seen  from  the  inside). 

B. — Stamen  in  side  view. 

V.—  Ditto,  seen  obliquely  from  within. 

G. — A  carpel  (C— G,  x  -ij). 

n,  nectary  ;  sh,  honey-receptacle. 

Hepatica  triloba,  Gil.  (Anemone  hejpatica,  L.),  is  visited  by  bees 
and  Syrphidm  for  its  pollen  (590,  I.). 

Pulsatilla  vulgaris,  Mill.  (Anemone  Pulsatilla,  L.).~ The  abun- 
dant pollen  is  much  sought  by  bees;  honey  is  secreted  by 
rudimentary  stamens  reduced  to  short  stalked  knobs  (590,  1.). 

Pulsatilla  vernalis,  L.—  My  specimens  from  the  Stelvio  were 
slightly  proterogynous  ;  Ricca's,  from  Val  Camonica,  were  very 
markedly  so.  The  nectaries  here  also  are  modified  stamens 
(590,  609). 
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4.  Anemone  nemorosa,  L.  —This  plant  also  has  flowers  destitute 
of  honey,  in  which,  however,  the  sepals,  not  the  stamens,  play  the 
part  of  petals  in  rendering  the  flower  conspicuous.  When  the 
flowers  open,  the  stigmas  are  still  covered  up  and  protected  by  the 
stamens,  but  during  the  greater  part  of  the  period  of  flowering 
both  stigmas  and  anthers  are  mature  at  the  same  time,  and  exposed 
to  the  touch  of  insects.  These  alight  sometimes  in  the  centre  of  a 
flower,  sometimes  on  a  sepal,  touching,  therefore,  either  stigmas  or 
anthers  first,  and  they  accomplish  self-fertilisation  as  well  as  cross- 
fertilisation.    The  inclined  position  of  the  flower  brings  more  or 


Fig.  24. — Pulsatilla  vernalis,  L. 

A.  — Some  of  the  outermost  stamens  metamorphosed  into  nectaries;  and  some  of  the  next  in  order, 
which  retain  their  proper  function,    (x  7) 

B.  — Top  of  style,  with  the  stigma,  more  magnified. 

less  of  the  stigmas  in  the  line  of  fall  of  the  pollen,  which  leads  to 
self-fertilisation  if  insects'  visits  fail;  but  experiment  has  yet  to 
decide  on  the  efficacy  of  this  self-fertilisation. 

On  February  25,  1868,  out  of  seven  flowers  in  my  room,  which 
had  opened  simultaneously,  I  fertilised  two  with  pollen  from  other 
flowers,  two  with  their  own,  and  I  left  three  untouched.  On 
February  29,  in  both  of  those  which  had  received  the  pollen  of 
other  flowers,  all  the  anthers  had  fallen  off  and  the  ovaries  were 
distinctly  swollen  ;  in  the  two  which  had  been  fertilised  with  their 
own  pollen,  most  of  the  anthers  had  fallen  off  and  the  ovaries  were 
swollen,  but  much  less  so  than  in  the  two  former  cases  ;  the  three 
remaining  flowers,  which  had  been  untouched,  still  retained  all 
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their  anthers.  The  sepals  were  still  quite  fresh  in  all  seven  flowers. 
The  experiment  was  not  completed,  as  the  plants  withered  in  the 
irregularly-heated  room. 

Visitors  :  A.  Hymenoptera— (1)  Halictus  cylindricus,  F.  $ ,  c.p.  ;  (2)  Andrena 
fulvicrus,  K.  9 ,  c.p.  ;  (3)  A.  albicans,  K.  $ ,  f.p.  ;  (4)  Osmia  fusca,  Christ.  ? , 
c.p.  ;  (5)  Apis  mellifica,  L.  $ ,  in  hundreds,  c.p.  and  also  s.  B.  Diptera — 
(6)  Scatophaga  stercoraria,  L. ;  (7)  Sc.  rnerdaria,  F.,  both  f.p.  C.  Coleoptera 
—(8)  Meligethes,  f.p.  ;  (9)  Mordella  puniila,  Gyll.    See  also  590,  r. 

Although  I  could  not  detect  any  honey,  even  by  help  of  a 
lens,  I  repeatedly  observed  a  hive-bee  flying  from  flower  to 
flower  and  thrusting  its  proboscis  into  one  or  more  spots  in  the 
base  of  the  flower,  between  the  sepals  and  carpels.  Here  the  bees 
doubtless  tapped  the  juice  which  the  flowers  did  not  of  themselves 
furnish,  and  which  the  bees  were  in  want  of  to  moisten  the  pollen 
that  they  collected  at  the  same  time.  Once  I  saw  a  honey-bee 
first  suck  honey  on  flowers  of  Cardamine  pratensis  and  then  fly  off 
to  gather  pollen  on  Anemone  nemorosa. 

Even  in  spots  where  Primula  elatior  was  blooming  abundantly, 
hive-bees  remained  busily  occupied  upon  the  wood  anemone. 

Anemone  alpina,  L.— This  species  is  androdicecious.  The  male 
flowers  are  distinctly  smaller  than  i^he  hermaphrodite,  and  the  latter 
are  proterogynous.  The  plant  is  visited  by  numerous  bees  and  flies, 
though  the  flowers  are  devoid  of  honey  (609). 

Anemone  narcissifolia,  L.,  is  proterandrous,  the  stigmas  not 
being  mature  until  the  anthers  have  dehisced  or  have  even  been 
emptied.    The  flowers  are  devoid  of  honey  (609). 

Adonis  vernalis,  L.,  is  proterogynous  and  devoid  of  honey.  The 
visitors  are  chiefly  bees  and  also  ants  (590,  I.). 

Myosurus  minimus,  L.,  is  proterandrous,  according  to  Delpino 
After  the  anthers  wither,  the  apex  of  the  ovary  becomes  lengthened 
into  a  long  cone  and  develops  its  stigmas.  Delpino  thinks  that 
the  flowers  are  fertilised  by  flies  (No.  177,  p.  57). 

According  to  my  own  observations,  the  enormous  elongation  of 
the  axis  bearing  the  pistil  has  simply  the  object  of  self-fertilisino- 
most  of  the  numerous  stigmas  by  means  of  the  small  number  of 
anthers,  for  insect-visitors  are  very  few.  The  anthers,  which  lie 
close  around  the  axis,  let  their  pollen  emerge  very  gradually  bv 

z    rtile  f lengthening  -  ^  ££S££E 

contact  with  them.  As  visitors  of  this  plant,  I  have  observed 
chiefly  minute  insects,  not  more  than  1  to  l|  mm.  long  ,vi,  Diptera 
of  the  general,  CMronomus,  Scatopse,; Phora, Cecidolyia, 
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Oscinis,  and  Microphorus,  besides  small,  Pteromalidce  and  minute 
Ichncuvwnidce,  a  small  Haltica,  some  Anthomyice,  and  a  single 
Melanostoma  mellina  (570,  vol.  x.  p.  129). 

5.  Ranunculus  aquatilis,  L.— The  yellowish  base  of  each 
petal  serves  to  guide  insects  towards  the  honey  •  on  it  stands  an 
obliquely-placed  tubercle,  truncate  above,  and  provided  with  a 
honey-secreting  hollow,  which  plays  the  parts  of  gland  and 
receptacle  for  the  nectar. 

The  anthers,  which  are  few  in  number,  dehisce  one  after  the 
other  when  the  flower  opens,  and  cover  themselves  all  round  with 
pollen ;  the  stigmas  become  developed  at  the  same  time,  and  often 
come  in  contact  spontaneously  with  the  pollen  on  the  anthers. 

The  flowers  are  frequented  by  a  large  number  of  insects, 
especially  Diptera,  which  alight  sometimes  in  the  middle  of  the 
flower,  sometimes  on  the  edge,  and  so  effect  self-fertilisation  as  well 
as  cross-fertilisation. 

A.  Diptera — (a)  tiyrphidce  :  (1)  Eristalis  tenax,  L.  ;  (2)  E.  arbustorum, 
L.  ;  (3)  E.  nemorum,  L.,  all  three  abundant,  now  sucking,  now  collecting 
pollen,  plentifully  dusted  with  pollen  on  the  legs  and  especially  on  the  soles 
of  the  feet ;  (4)  Helophilus  fioreus,  L.  ;  (5)  Chrysogaster  viduata,  L.,  also  s. 
and  f.p.  ;  (b)  Muscidos :  (6)  Scatophaga  merdaria,  F.,  f.p.  ;  various  small 
Muscidse,  s.  and  c.p.  which  escaped  me.  B.  Hymenoptera — Apidce  :  (7)  Apis 
mellifica,  L.  £  ,  ab.,  s.  and  c.p.  ;  (8)  Bombus  terrestris,  L.  ?  ,  s.  C.  Coleoptera- - 
Chrysomelidw  :  (9)  Helodes  phellandrii,  L.,  devouring  anthers  and  petals.  See 
also  No.  590,  1.,  pp.  48,  49. 

When  the  water  is  unusually  high,  the  flowers  of  Ranunculus 
aquaiilis  remain  submerged  and  do  not  open,  but  fertilise 
themselves  (17,  p.  14,  351,  p.  1;7). 

Ranunculus  glacialis,  L.,  is  slightly  proterandrous  (Ricca) ; 
R.  alpeslris,  L.,  is  homogamous  or  slightly  proterogynous ;  R.  par- 
nassifolius,  L.,  and  R.  pyrenceus,  L.,  var.  lupleurifolius,  D.C.,  are 
proterogynous  with  persistent  stigmas.  In  all  these  species  the 
shape  of  the  nectaries  is  very  variable  (609). 

6.  Ranunculus  Flammula,  L. — The  flowers  have  scarcely 
opened  when  the  outermost  anthers  dehisce  extrorsely,  covering 
their  sides  which  are  turned  towards  the  petals  with  pollen,  so 
that  insects  which  try  to  plunder  the  honey  secreted  by  the  little 
scales  at  the  base  of  the  petals  must  of  necessity  dust  themselves 
with  pollen.  The  stigmas  are  at  this  time  concealed  or  almost 
concealed  by  the  inner  stamens,  and  so  are  ensured  against  contact 
with  insects;  they  are,  moreover,  not  yet  fully  developed.  The 
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opening  of  the  anthers  progresses  slowly  towards  the  centre  of  the 
flowers,  and  each  stamen  as  it  dehisces  bends  outwards  and  turns 
its  pollen-covered  side  outwards.  These  stigmas  are  fully  developed 
before  the  innermost  stamens  join  the  others,  and  the  flowers, 
which  before  could  only  dust  then  visitors  with  pollen,  can  hence- 
forth be  fertilised  either  with  their  own  or  other  pollen.  All 
visitors  which  alight,  bearing  pollen,  in  the  middle  of  the  flower 
effect  cross-fertilisation;  others,  which  alight  first  on  a  petal  and 


Fici.  25.—  Ranunculus  Flammula,  L. 

1. — Flower  just  opening. 

2  -Flower  in  which  the  stamens  are  fully  developed,  the  stigma  still  immature 
yetwliSf6'  0I°a"'S  °f  11  n°WCT  ta  W"ich  the  sti°™s  are  {^  inXeTanX'  anthers  are  not 
a,  Immature  anthers  ;  b,  anthers  about  to  dehisce  ;  c,  ditto,  dehisced  ;  d,  ditto,  empty  ;  c,  carpel. 

touch  the  anthers  and  then  the  stigmas,  can  accomplish  either  self- 
fertilisation  or  cross-fertilisation.  So  if  insects  alight  in  equal 
numbers  in  the  two  ways,  cross-fertilisation  must  be  the  more 
frequent  result.  After  numerous  observations  on  this  and  the 
tallowing  species  of  Ranunculus,  I  am  able  to  state  that  the  two 
modes  of  alighting  are  equally  common  for  small  insects;  but  all 
Jarger  insects  (which  are  about  as  long  as  the  diameter  of  the 
flower)  come  in  contact  with  the  stigmas  and  the  anthers  at  the 
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same  time,  and  therefore  must  dust  the  stigmas  with  pollen  from 
other  flowers  ;  hence  the  cross-fertilisations  are  still  more  numerous 
than  the  self-fertilisations.  In  default  of  insect-visits,  the  power 
of  self-fertilisation  is  retained,  some  of  the  outermost  stigmas  being 
often  touched  by  pollen  from  the  innermost  anthers. 

Although  the  arrangement  of  the  flower  is  quite  like  that  of 
the  following  species  of  Eanunculus,  B.  Flammula  is  very  sparingly 
visited  by  insects,  one  reason  at  least  being  that  its  flowers  are 
much  smaller  and  less  conspicuous. 

Visitors  :  A.  Diptera—  (a)  Sijrpludai :  (1)  Syritta  pipiens,  L.,  c.p.  and  s. 
(2)  Cheilosia,  sp.  f.p.  ;  (3)  Melithreptus  taeniatus,  Mgn.,  f.p.  and  s.  ;  (b) 
Muscidce :  (4)  Scatophaga  merdaria,  F.,  f.p.  ;  (5)  Anthoinyia  sp.  B.  Hyinen- 
optera — Apidce  :  (6)  Halictus  cylindricus,  F.  <j> ,  c.p.  ;  (7)  H.  flavipes  F.  <j? , 
c.p.    C.  Lepidoptera — (8)  Satyrus  pamphilus,  L.,  s. 

Banunculus  montanus,  L.,  is  proterogynous  with  persistent 
stigmas  (609). 

7.  Eanunculus  acris,  L.,  R.  eepens,  L.,  R.  bulbosus,  L. — 
These  species  agree  with  B.  Flammula  in  the  structure  of  their 
flowers,  and  with  each  other  in  their  habitat,  in  the  conspicuousness 
of  their  flowers,  and  therefore  also  in  the  insects  which  visit  them. 
Mr.  Thomas  Whitelegge  (No.  774)  states  that  they  are  all  some- 
times gynodicecious.  I  have  observed  very  many  of  the  following 
visitants  in  equal  abundance  and  similarly  engaged  on  all  these 
species ;  and  I  have  even  noticed  the  hive-bee,  which  in  general 
keeps  strictly  to  one  species  of  flower,  pass  from  Ranunculus  acris 
to  B,  rcpens  and  B.  bulbosus,  or  vice  versa,  without  any  distinction. 
I  accordingly  catalogue  the  visitors  of  these  three  species  together. 

A.  Diptera— (a)  Empidce:  (1)  Empis  tesselata,  F.,  s.  ;  (b)  Asilidte;  (2) 
Dioctria  atricapilla,  Mgn.  (Tekl.  B.) ;  (c)  Syrphidce  :  (3)  Chrysotoxum  arcu- 
atum,  L.  (Sid.),  s.  and  f.p.  ;  (4)  Chr.  festivum,  L.,  s.  ;  (5)  Pipiza  funebris, 
Mgn.,  s.  ;  (6)  P.  chalybeata,  Mgn.,  f.p.  ;  (7)  Chrysogaster  Macquarti,  Loew.  ; 
(8)  Ch.  viduata,  L.,  very  ab.,  both  s.  and  f.p.  ;  (9)  Cheilosia  pnbera,  Zett., 
f.p.,.ab.  ;  (10)  Ch.  albitarsw,  Mgn.,  ab.,s.  and  f.p. ;  (11)  Melanostoma  raellina, 
L.,  s.  ;  (12)  Platycheirus  albimanus,  F.  (Tekl.  B),  f.p.  ;  (13)  Syrphus  ribesii, 
L. ;  (14)  Eristalis  tenax,  L.  ;  (15)  E.  arbustorum,  L.  ;  (16)  E.  nemorum, 
L.  ;  (17)  E.  sepnlcralki,  L.  ;  (18)  Melithreptns  scriptus,  L. ;  (19)  M.  pietus, 
Mgn. ;  (20)  M.  tseniatus,  Mgn.  ;  (21)  Syritta  pipiens,  L.,— the  last  nine  ab., 
both  s.  and  t.p.  ;  (d)  Muscidce :  (22)  Cyrtoneura  ccerulescens,  Mcq.,  s.  ; 
(23)  Anthomyia,  sp.  B.  Coleoptera—  (a)  Nitidulidat:  (24)  Meligethes,  very 
ab.,  s.  and  f.p.  ;  (b)  Derviestidce :  (25)  Byturus  furnatus,  F,  f.p.,  ab.  ;  (c) 
Buprestida> :  (26)  Anthaxia  nitidnla,  L.  in  copula  on  flowers  of  R.  repens; 
(d)  Mordellidce  :  (27)  Mordella  aculeata,  L.  ;  (28)  M.  pusilla,  Dej.  ;  (29)  M. 
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puinila,  Gyll.  ;  («)  (EdemeridcB :  (30)  CEdemera  virescens,  L.,  ab.  ;  (/) 
Cistelidce :  ~  (31)  Cistela  murina,  L.,  devouring  the  petals  and  stamens  ; 
(g)  Cerambycidie :  (32)  Strangalia  nigra,  L.,  do.  ;  (/<)  Chrysomelidce :  (33) 
Helodes  aucta,  F.,  devouring  the  petals,  along  with  its  larvoe  (May  24,  1870) ; 
(34)  Cryptocephalus  sericeus,  L.,  devouring  the  anthers.  C.  Hymenoptera— (a) 
Tenthredinidce :  (35)  Cephus  spinipes,  Pz.,  ab.,  s.  and  devouring  the  anthers; 
(36)  Cephus,  small  undetermined  species;  (b)  Sphegidce :  (37)  Oxybelus 
uniglumis,  L.  ;  (c)  Vespidw :  (38)  Odynerus  spinipes,  H.  Sch.  ?  (quinque- 
fasciatus,  F.)  ;  (d)  Apidcc :  (39)  Prosopis  hyalinata,  Sm.  <£,  s.  and  f.p.  ;  (40) 
Halictus  longidus,  Sm.  ?,  s. ;  (41)  H.  flavipes,  F.  ?,  c.p.  ;  (42)  H.  villosulus, 
K.  9  ;  (43)  H.  sexsignatus,  Schenck,  ? ,  s. ;  (44)  H.  rubicundus,  Chr.  ? ,  s.  ;  (45) 
H.  quadricinctus,  F.  ? ,  c.p.  ;  (46)  H.  leucozonius,  Schr.  $ ,  laden  with  pollen, 
sheltering  itself  from  the  rain  in  flowers  of  E.  bulbosus  (June  10,  1871)  ; 
(47)  H.  zonulus,  Sm.  $ ,  s. ;  (48)  H.  cylindricus,  F.  $  ,  c.p.  ;  (49)  H.  maculatus 
Sin.  ?  cj,  s.  and  c.p.,  ab.  ;  (50)  H.  nitidiusculns,  K.  ?,  s. ;  (51)  H.  sexnotatus, 
K.  ? ,  c.p.  and  s. ;  (52)  Andrena  fulvicrus,  K.  $?  £ ,  s.  and  c.p.,  ab. ;  (53)  A. 
albicans,  K.  ?  ^ ,  do.  ;  (54)  A.  albicrus,  K.  £ ,  s.  ;  (55)  Panurgus  calcaratus 
Scop.,  s.  ;  (56)  Chelostoma  florisomne,  L.  $  £ ,  c.p.  and  s.  ;  (57)  Osmia 
rufa,  L.  $ ,  s.  ;  (58)  Apis  niellifica,  L.  $ ,  s.  D.  Lepidoptera — (59)  Lycaena 
icarus,  Rott. ;  (60)  Satyrus  pamphilus,  L. ;  (61)  Polyommatus  PhlcEas,  L. ;  (62) 
Euclidia gly]Dhica,  L.,  all s.   See  also  No.  590,  i.,pp.  49 — 59  ;  No.  609,  p.  135. 

If  we  compare  the  insect-visitors  of  these  species  of  Ranunculus 
with  those  of  the  typical  TJmbelliferse,  we  observe  the  following 
remarkable  differences.  (1)  Since  the  honey  lies  less  exposed, 
those  insects  which  are  least  fitted  for  sucking  flowers  are  ab- 
sent, viz.  JSfeuroptera,  Ichnmmonidce,  Tipulidce,  etc. ;  Sphegidce  and 
Vespidce  are  only  met  with  sparingly.  (2)  Of  the  flies,  SyrpMdcr, 
form  the  great  majority ;  they  are  fond  of  brilliant  colours,  and 
are  attracted  by  the  bright  yellow  of  the  Eanunculus  flowers. 
(This  love  of  colours  is  clearly  expressed  in  their  own  colours,  the 
result  of  sexual  selection.)  (3)  It  is  also  owing  to  their  bright 
colour  that  the  flowers  are  frequented  by  the  beetle  Cryptocephalus 
sericeus,  and  that  Anthaxia  nitidida  resorts  to  them  for  pairing. 
In  these  and  in  many  other  beetles,  as  in  the  humble-bees,  it 
seems  as  if  the  habit  of  feeding  on  flowers  had  called  out  the 
colour-sense  and  the  taste  for  bright  colours,  and  that  sexual 
selection  had  then  been  guided  by  this  taste.  (4)  Bees  occur 
much  more  abundantly  on  flowers  of  Eanunculus  than  on  the 
Umbelliferse,  because  the  former  are  richer  in  both  honey  and 
pollen.  These  flowers  seem  especially  to  meet  the  wants  of  the 
genus  Halictus,  of  which  I  have  taken  twelve  species  on  them, 
mostly  in  abundance.  Besides  the  least  specialised  bees  (Prosojns, 
Halictus,  Andrena)  and  the  most  specialised  {Apis),  intermediate 
genera,  such  as  Panurgus  and  Chelostoma,  which  are  absent  from 
Umbelliferaj,  visit  the  Mowers  of  Ranunculus. 
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8.  Ranunculus  lanuginosus,  L.,  is  precisely  similar  in  the 
arrangement  of  its  flowers  to  the  three  last-named  species:  but 
growing  in  woods,  where  fewer  flower-visiting  insects  occur,  it  is 
frequented  by  a  smaller  number  of  species  in  spite  of  its  larger 
and  more  conspicuous  flowers. 

Visitors  :  A.  Diptera— (a)  Empidm :  (1)  Empis  livida,  L.,  s.  ;  (b)  Syrphidm  : 
(2)  species  of  Cheilosia,  f.p.,  ab.  ;  (c)  Muscidw:  (3)  Antliomyia,  f.p.,  very 
ab.  B.  Coleoptera — (a)  Nitidulidce  :  (4)  Meligethes  aniens,  F.,  ab.  (I  could 
see  distinctly  with  a  lens  how  these  small  beetles  gnawed  the  inner  surface  of 
the  petals  and  the  stamens)  ;  (b)  Dermestidce  :  (5)  Byturus  fumatus,  L...  f.p.,  ab. 
C.  Hymenoptera—  (a)  Tenthredinidce :  (6)  Cepbus  pallipes,  Kl.,  very  ab.,  f.p. 
and  s.,  along  with  other  species  ;  (b)  Apida; :  (7)  Andrena  cingulata,  F.  ? , 
c.p.  ;  (8)  Chelostoma  florisomne,  L.  <^ ,  s.  ;  (9)  Osmia  fusca,  Christ.  $  ,  c.p.,  and 
at  the  same  turning  round  in  the  flower  and  emptying  all  the  nectaries  ;  (10) 
Bombus  terrestris,  L.  $  ,  s.    See  also  No.  590,  r.,  p.  51. 

9.  Ranunculus  Ficaeia,  L.,  also  resembles  B.  acris,  E.  repens, 
and  B.  bulbostbs,  but  it  blooms  earlier  when  fewer  flower-visiting 
insects  are  abroad,  a  disadvantage  which  is  perhaps  partly 
compensated  for,  by  the  insects  having  at  that  time  fewer  kinds  of 
flowers  to  choose  from.  At  the  beginning  of  the  flowering  period, 
Ave  find  as  in  B.  auricomus,  many  flowers  with  very  few  petals, 
sometimes  so  few  as  two  or  three  :  later  on  the  number  increases 
to  eight  or  even  eleven,  and  they  expand  in  the  sunshine  to  a  golden 
star  20  to  25  mm.  in  diameter. 

Visitors  :  A.  Diptera — («)  Syrphidm  :  (1)  Brachypalpus  valgus,  Pz.,  f.p.  ; 
(b)  Muscidce :  (2)  Sepsis,  ab.  ;  (3)  Anthomyia  radicum,  L.,  very  ab.  ;  (4) 
Scatophaga  merdaria,  F.  B.  Hymenoptera— Apidm :  (5)  Apis  mellifica,  L., 
$ ,  s.  and  f.p.,  ab.  ;  (6)  Andrena  Gwynana,  K.  ? ,  c.p.  ;  (7)  A.  albicans,  K. 
$  cf,  c.p.  and  s.  ;  (8)  A.  parvula, K.  ?,  s.  ;  (9)  Halictus cylindricus,  F.  ?,  s.  ; 
(10)  H.  albipes,  F.  $ ,  s.  ;  (11)  H.  lucidus,  Schenck,  ?,  s.  ;  (12)  H.  nitidius- 
culus,  K.  ? ,  s.  C.  Coleoptera— (13)  Meligethes,  ab.,  s.,  f.p.,  and  gnawing  the 
petals.  D.  Thysanoptera—  (14)  Thrips,  very  ab.  See  also  No.  590, 1.,  pp.  51,  52. 

10.  Ranunculus  auricomus,  L. — The  flowers  of  this  species 
exhibit  in  their  petals  a  great  variety  of  forms  of  nectary,  which 
are  very  remarkable  and  help  us  to  explain  the  various  nectaries 
of  different  Ranunculacese. 

The  corolla  is  seldom  regular,  but  as  a  rule,  some  or  even  all 
of  the  petals  are  more  or  less  stunted  or  even  absent,  and  the 
sepals,  with  their  bright  yellow  limb,  take  the  place  of  petals 
partly  or  completely.  The  honey-glands  at  the  base  of  the  petals 
are  subject  to  the  following  modifications.  In  the  most  perfect 
petals  (1  cand  2,  Fig.  26)  the  inner  side  of  the  triangular  claw  has 
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usually  a  thickened  border  on  either  side  :  and  these  borders  fuse 
below,  and  at  their  junction  form  a  little  pit  which  secretes  honey. 
Some  perfectly  formed  petals  occur,  however,  in  which  the  honey 
is  secreted  not  by  this  hollow,  but  by  two  smaller  pits  which  stand 
to  the  right  and  left,  on  the  broader  thickened  margins  (3,  Fig.  26). 
In  very  stunted  petals  (5  to  7  mm.  long,  and  3  to  4  mm.  broad,) 
there  is  developed  upon  the  inner  side  of  the  base  a  smaller 
lamina,  which  is  fused  with  the  larger  for  the  space  of  2  to  3  mm., 
and  has  a  free  portion  1  to  3  mm.  long.  Between  the  two  laminae, 
two  honey-canals,  separated  by  a  fold;  are  deeply  sunk  (7,  8, 
26).    Such  petals  have  a  striking  resemblance  to  those  of 


Fig. 


Fig.  2(1. 

1—8.—  Petals  of  Ranunculus  auricomus.  9.— Petal  of  Eranlhis  hiemali3.    n,  nectary. 

ErcmtHs  hiemalis.  Between  these  three  varieties  we  find  various, 
often  unsymmetrical,  intermediate  forms,  (4,  5,  6;  Fig.  26)  in  which 
sometimes  no  honey  is  secreted  (4,  5). 

After  completion  of  my  manuscript  I  found  (April  5  and  20,  1872)  the 
following  insects  in  flowers  of  R.  auricomus  :  A.  Hymenoptera— (a)  Apidce  • 
^1)  Andrena  parvula,  K.  ? ,  c.p.  ;  (2)  A.  fulvescens,  Sm.  $ ,  s.  ;  (3)  Halictus  cylin- 
dncus,  F.  9. ,  c.p. ;  (b)  Formitidm :  (4)  an  undetermined  sp.,  licking  honev 
B.  Diptera-(a)  Syrpkidce :  (5)  Pipizella  virens,  F,  f.p.  ;  (6)  Cheilosia  ver- 
nabs  Fallen,  f.p.  ;  (b)  Muscidm  :  (7)  Anthomyia  radicum,  Mgn.  9  *  very 
ah,  but  so  wild  that  I  could  not  see  what  it  was  doing  ;  (8)  Scatophaga  mer- 
dana,  F.,  s.  and  f.p.  C.  Thysanoptera-(9)  Thrips,  ah.  Ants  and  Thrips 
were  observed  m  the  flowers  by  Sprengel.    See  also  No.  590,  1.,  p.  52. 

11.  Caltha  palustris,  L.— The  honey  is  secreted  by  two 
shallow  depressions  on  the  sides  of  each  carpel,  bounded  by  a  slight 
iold.  It  is  so  abundant  that  the  drops  secreted  by  the  adjacent 
sides  of  two  neighbouring  carpels  often  flow  together  into  a  large 
drop  filling  up  the  cleft  between.    Anthers  and  stigmas  ripen 
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simultaneously,  but  cross-fertilisation  is  favoured  by  the  fact  that, 
as  in  Ranunculus,  the  anthers  open  outwards,  and  the  outermost 
are  the  first  to  dehisce.  Self-fertilisation  as  in 
Ranunculus  is  still  possible.  The  very  con- 
spicuous golden-yellow  flowers,  which  expand 
to  a  diameter  of  more  than  40  mm.,  are  visited 
in  sunny  weather  by  very  numerous  insects,  of 
comparatively  few  species  owing  to  the  early 
time  of  year. 

A.  Diptera — (a)  Stratiomyidm  :  (1)  Odontomyiaar- 
gentata,  F.  ;  (b)  Syrphidce :  (2)  Cheilosia  sp.,  f.p.  ; 
c«a^Lf  (3)  Ascia  Podagriea,  F,  f.p.  ;  (4)  Rhingia  rostrata,  L., 
et,  stigma ;  n,  nectary,  f'P-  5  (5)  Eristalis  intricarius,  L.  (these  handsome  flies 
bearing  a  drop  of  honey.  displayed  clearly  their  taste  for  bright  colours  ;  they 
hovered  over  the  yellow  flowers  as  the  males  of  Eristalis 
hover  over  the  females,  then  suddenly  settled  to  suck  honey  or  feed  on 
pollen,  and  again  flew  off  abruptly  to  another  flower  to  repeat  the  same 
actions)  ;  (c)  Muscidce  :  (6)  Scatophaga  merdaria,  F.,  f.p.  ;  (7)  Anthomyia, 
very  ab.,  f.p.  B.  Coleoptera — Nitidulidw  :  (8)  Meligethes,  very  ab.,  s.  and  f.p. 
C.  Hymenoptera — Apidce :  (9)  Andrena  albicans,  K.  £ ,  s  ;  (10)  Osmia  rufa, 
L.  s.  ;  (11)  Bombus  terrestris,  L.  making  the  circuit  of  each  flower, 
and  licking  the  drops  of  honey  from  every  carpel ;  (12)  Apis  mellifica,  L.  $  > 
in  hundreds,  collecting  pollen,  and  only  sucking  honey  to  aid  in  storing  the 
pollen.    See  also  No.  590,  I.,  p.  52  ;  No.  609,  pp.  135, 136. 

Trollius  curopceus,  L.,  is  homogamous.  The  stigmas  are  over- 
topped by  the  anthers  and  are  dusted  regularly  with  their  pollen, 
which  is  probably  outstripped  in  its  action  by  pollen  brought  from 
other  flowers  (609). 

12.  Eranthis  hiemalis,  Salisb.— This,  the  earliest  of  all 
the  Eanunculaceas  here  considered,  exhibits  regularly  in  its  petals 
the  same  conversion  into  little  pockets  for  honey  that  our  earliest 
species  of  Kanunculus,  R.  auricomus,  displays  occasionally.  Its 
calyx  has  completely  assumed  the  function  of  rendering  the  flower 
conspicuous,  as  do  the  sepals  of  R.  auricomus  to  a  modified  extent. 
In  other  respects  the  arrangement  of  its  flower  agrees  with  those 
last  described. 

On  February  26,  1871,  I  saw  the  following  insects  on  flowers  of 
E.  hiemalis  in  my  garden,  during  bright  sunshine. 

A.  Diptera— Muscidce  :  (1)  Pollenia  rudis,  F.,  stroking  petals,  anthers,  and 
sometimes  stigmas,  with  the  end-flaps  of  its  proboscis,  but  finally  thrusting  its 
proboscis  into  the  nectaries  ;  (2)  Musca  domestica,  L.,  ditto  ;  (3)  Sepsis,  busy 
about  the  anthers.  B.  Hymenoptera— Apidm :  (4)  Apis  mellifica,  L.  $,s. 
and  f.p.,  in  great  numbers,  sufficient  to  fertilise  all  the  flowers. 
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In  many  seasons  with  less  favourable  weather  I  have  found 
E.  hiemalis  (which  I  have  immediately  in  front  of  my  window, 
and  can  easily  watch)  not  visited  by  insects  at  all,  and  yet  bearing 
fruit,  but  more  sparingly  than  when  insect-visits  have  taken  place . 
The  reason  of  the  smaller  number  of  seeds  is  that,  as  in  Ranun- 
culus and  Caltha,  self-fertilisation  can  only  take  place  to  a  limited 
extent :  for  when  I  fertilised  in  my  room,  one  flower  with  its  own, 
and  another  with  extraneous  pollen,  both  produced  seeds  in  equal 
abundance. 

The  species  of  Helleborus  are  proterogynous,  according  to 
Hildebrand  (351). 

Nigella  arvcnsis,  L. — The  proterandrous  flowers  of  this  plant 
are  provided  with  nectaries  covered  by  movable  lids,  and  are 
fertilised  by  bees.    They  have  been  fully  described  by  Sprengel.1 

Nigella  damascena,  L.,  is  visited  by  Ceratina  callosa,  F.  $ ,  and 
Pvosopis  signata,  Nyl.  $  (Apidse)  (590,  1). 

13.  Aquilegia  vulgaris,  L.— The  five  sepals  of  the  pendulous 
flower   form  broad  blue  expansions,  which  help  to  render  it 
conspicuous.    Each  of  the  five  petals  is  hollowed  out  from  its 
insertion  upwards  to  form  a  hollow  spur  15  to  22  mm.  long,  whose 
cup-shaped  mouth  is  wide  enough  to  admit  the  head  of  a  humble- 
bee,  and  whose  narrow  tubular  part  curves  inwards  and  downwards 
at  its  upper  end.    In  this  curved  part  is  contained  the  honey, 
which  is  secreted  by  a  fleshy  thickening  in  the  extreme  point  of 
the  spur.    Owing  to  its  curvature  the 'point  of  the  spur  is  only 
10  to  17  mm.  above  the  insertion  of  the  petal.    To  reach  the  honey 
in  a  legitimate  way,  the  bees  hang  on  to  the  flowers  below,  grasping 
the  base  of  the  spur  with  their  forelegs,  and  holding  on  with  their 
mid  and  hindlegs  to  the  column  formed  of  the  stamens  and 
carpels,  which  projects  perpendicularly  or  obliquely  downwards 
from  the  centre  of  the  flower ;  the  head,  meanwhile,  is  introduced 
into  the  aperture  of  the  spur,  whose  outer  wall  its  upper  surface 
touches,  and  the  end  of  the  proboscis  follows  the  curvature  of  the 
spur.    Since  bees  very  easily  bend  the  end  of  their  proboscis 
downwards,  but  scarcely  bend  it  voluntarily  in  the  opposite  direction 
the  position  just  described  is  the  only  one  suitable  for  them  to 
reach  the  honey.    This  position  entails  that  in  younger  flowers 
the  hinder  and  lower  surface  of  the  bee's  body  touch  the  anthers, 
which  closely  surround  the  carpels  and  which  are  covered  on  their 
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outer  side  with  pollen  ;  while  in  older  flowers  the  same  parts 
come  in  contact  with  the  carpels  which  have  elongated  and  spread 
their  stigmas  more  widely  apart.    Gross-fertilisation  is  the  inevitable 
result.    Thus  the  Columbine  is  admirably  adapted  for  fertilisation 
by  humble-bees :   but  to  reach  the   honey  they  must  have  a 
proboscis  at  least  10  to  17  mm.  long,  even  supposing  that  they 
stick  their  heads  fully  into  the  mouth  of  the  spur  and  so  shorten 
the  passage  by  about  5  mm.    This  fully  explains  the  actions  of  the 
insects  that  I  have  observed  on  this  flower.    Bonibus  hortorum, 
L.  $  (with  a  proboscis  19  to  21  mm.  long),  is  the  only  insect 
that  I  have  found  very  abundant  on  it ;  B.  agrorum,  F.  ?  (with  a 
proboscis  12  to  15  mm.  long)  is  found  much  more  rarely,  sucking 
the  flowers  in  the  regular  way  and  accomplishing  cross- fertilisation. 
I  saw  B.  terrestris,  L.  ?  (with  a  proboscis  7  to  9  mm.  long),  fly  on  to 
the  upper  surface  of  a  flower,  and  lick  over  the  base  of  the  sepals, 
and  on  finding  nothing  there,  creep  to  the  lower  surface,  and  thrust  its 
head  into  the  spur.  "  Then  it  again  crawled  on  to  the  upper  surface, 
and  again  licked  fruitlessly  the  base  of  the  sepals;  and  finally, 
bitino-  a  hole  in  the  spur  at  the  curved  part,  it  introduced  its 
proboscis  and  plundered  the  honey.    Without  further  consideration 
it  proceeded  to  secure  the  honey  of  the  other  petals  and  of  other 
flowers  in  the  same  manner.    The  numerous  other  individuals  of 
B.  terrestris,  L.  ?,  which  I  before  and  afterwards  observed  thus 
perforating  the  spur,  had  probably  first  learned  by  trial  how  the 

honey  might  be  won. 

I  have  often  seen  B.  terrestris  bite  through  the  spurs  of  still 
unopened  flowers,  and  so  forestall  all  legitimate  visitors.  The 
hive-bee  also,  as  Sprengel  noticed,  bites  through  the  spur  at  the 
bend  and  steals  the  honey :  it  often  takes  advantage  of  the  holes 
made  by  B.  terrestris. 

I  have  seen  smaller  bees,  Halictus  Smeathnanellns,  K.  ?  ,  and 
H.  leucozonins,  Schr.  ? ,  collecting  pollen  on  these  flowers,  which  they 
would  naturally  fertilise  by  doing  so. 

On  a  double  garden-variety  of  the  Columbine,  m  which  seve- 
ral spurs  are  placed  one  within  another,  I  noticed  a  hive-bee 
thrusting  its  head  in  the  regular  manner  into  the  inner  spur;  and 
I  could  see,  through  the  transparent  flower,  the  tongue  stretched 
out  to  its  fullest  extent  without  reaching  the  honey. 

In  default  of  insect-visits,  self-fertilisation  must  easily  take 
place,  owing  to  the  position  of  the  parts  of  the  flower. 

AguUegia  atvata,  Koch,  is  also  proterandrous,  and  visited  by 
humble-bees  (609,  p.  137). 
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14.  Delphinium  klatum,  L. — This  common  garden  plant  is 
marked  off  by  the  unusual  function  of  the  two  whorls  of  the 
perianth  from  most  other  plants,  and  in  part  even  from  other 
species  of  larkspur;  while  it  agrees  with  the  latter  in  the  early 
development  of  the  stamens  and  in  the  peculiar  movements  of 
the  stamens  and  stigmas. 


Fio.  28.— Delphinium  elaltim,  L. 


•^Th^MisT'  h  1  •''  re?0V!!1  of  tlle  cal>'x>  sedn  f''om  before. 
4,-OMer  flower  after  removal  of  the  calyx,  seen  from  before' 

the  two  inferior  petals,  whose  closdv  a™,3;^nt  .  J  be,  S  P^oaois ;  o*  their  bases  ;  b  b, 
proboscis  below-on  their  upper  Sees ^  h^t^rl  ?,onild  the  eutraaoe  for  the  bee's 
while  their  peduncles  (&',  2-  stand  tanSI? hS &  *  3  °W  «U'S  t^serve  ns  a  P»*h-flnte, 
stigmas  appear  between' them  (at  b*,  fltaTO  tf  tolSSfS!!  a-nthere' in  the  aeo°"d  the 
•  disced,  placed  in  the  way  of  the  insect"  moC.  fill?  Proboscis  ;  c,  anthers  whichhave 
downwards,  covering  the  fema le organs  e  W  of  h  .  wluch]lave  not  yet  dehisced,  bent 
removed  ;  /,  withered  stamens  bent  dlrawards  ^ovarfe  ft?™.  nn*  ca?els'  wllich  llavi!  te<>n 
in  the  same  spot  that  the  dehiscent  Sm  occurfSd  ?„'  /  ,'  rg  '  as\wluch  have  placed  themselves 
aepal.  prolonged  backwards  into  a  lM|  ^ft  tU^iai  *$ff8$88& 
a  and  6,  natural  size;  1,  2,  and  4,  enlarged. 


War  offtlT  *  ^  "^^^  SepaIS  lmke  the  fl0Wers 

T      hollow  ^        5  Ti         ^  S6rVe  the  PUrP°Pe  of  a  ^olla. 
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it  forces  the  humble-bees  to  suck  the  honey  by  the  way  that  alone 
leads  to  fertilisation. 

The  two  upper  petals  serve  a  very  different  purpose.  In  each  the 
hollow  pointed  end  of  the  spur  (a2,  3,  5),  which  is  directed  back- 
wards and  is  inclosed  in  the  hollow  sepaline  spur,  secretes  honey 
and  becomes  so  full  of  it  that  part  rises  into  the  wide,  half-conical 1 
part  of  the  spur  which  is  open  on  the  inner  side  (<x',  5).  When 
both  petals  lie  close  to  one  another,  they  form  together  a  hollow 
cone,  which  splits  at  the  end  into  two  points  filled  with  honey, 
and  guides  the  insect's  proboscis,  if  long  enough,  safely  to  the 
honey,  while  by  its  length  it  prohibits  the  access  of  insects  with 
shorter   tongues.     The   anterior  portions  of  the   same  petals 
produce  the  upper  part  of  this  hollow  cone  further  forwards,  and 
serve  to  give  the  bee's  proboscis  a  convenient  entrance  and  more 
certain  path  to  the  honey.    Since  these  anterior  portions  of  the 
upper  petals  separate  easily  on  slight  pressure  from  within,  the 
whole  head  of  a  humble-bee  may  be  thrust  in  between  them, 
whereby  the  distance  to  the  honey  is  shortened  by  6  to  7  mm.  The 
length  of  the  hollow  cone  from  its  entrance  to  the  anterior  end  of 
the  honey-bearing  prolongation  is  about  20  mm.,  and  to  the  apex  of 
the  latter  26  to  28  mm. ;  so  that,  when  the  whole  bee's  head  is 
thrust  into  the  aperture,  a  proboscis  13  to  14  mm.  long  is  needed 
to  reach  the  honey,  and  one  19  to  22  mm.  long  to  suck  it  all  up. 
Hence,  of  all  our  native  bees,  Anthophora  pilipes,  F.,  and  Bombus 
hortorum,  L.,  can  alone  exhaust  the  honey. 

The  two  lower  petals  are  of  service  in  several  ways.  Then- 
anterior  surfaces  point  by  bundles  of  upright  yellow  hairs  towards 
the  entrance  to  the  honey,  that  is  to  say,  they  serve  as  path- 
finders;  and  as  they  stand  close  together  and  bound  this  entrance 
below  they  leave  the  bee  no  choice  but  to  thrust  its  proboscis  into 
the  only  proper  place,  viz.,  the  interval  between  the  two  pairs  of 
petals  Those  parts  of  them  immediately  behind  the  entrance  to 
the  tube  stand,  on  the  other  hand,  so  widely  apart  (b*,  2)  that  they 
leave  free  space  for  the  stamens  and  for  the  carpels  (after  the 
stamens  have  withered  and  bent  back)  to  erect  themselves  in  that 
port  of  the  hollow  cone  lying  close  behind  the  entrance  where  they 
inevitably  come  in  contact  with  the  under  surface  of  the  body  and 

head  of  the  bee. 

With  sufficient  insect  visits,  which  this  handsome  plant  never  fai  Is 
to  receive,  cross-fertilisation  is  completely  insured  by  the  proter- 
androus  dichogamy,  and  by  the  movements  of  stamens  and  carpels 
i  i.e.  forming  the  longitudinal  half  section  of  n  cone. 
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which  are  so  completely  iu  relation  to  the  movements  of  the  bee's 
head.  The  stamens  in  the  unripe  condition  are  bent  down,  when 
they  dehisce  they  stand  upright  in  the  path  of  the  bee's  head, 
and  when  they  are  withered  they  sink  completely  down.  The 
carpels  erect  themselves  after  the  withering  of  the  last  of  the  stamens, 
and  their  stigmas  then  stand  in  the  way  of  the  bee's  head.  Self- 
fertilisation  cannot  take  place  in  absence  of  insects.  Of  the  two 
native  bees  whose  proboscides  are  of  sufficient  length  to  suck  the 
honey  of  this  flower  thoroughly,  Anthophora  pilipes  has  finished  its 
period  of  flight  and  has  disappeared  when  D.  datum  flowers.  B. 
horlorum  therefore  remains  as  the  only  indigenous  bee  fitted  for 
sucking  up  the  honey  of  Delphinium,  and  it  is  in  fact  found  in 
great  abundance  on  the  flower.  Many  of  our  other  species  of  bees 
are  well  fitted  for  sucking  a  portion  of  the  honey,  but  I  have  never 
seen  any  of  them,  or  any  other  species  of  insect,  sucking  on  D.  datum. 
At  Strassburg,  D.  elatum  is  visited  also  by  Anthophora  personata 
111.  ?  (590,  l). 

Delphinium  Staphysagria,  L.,  described  and  figured  by  Hilde- 
brand  (356,  p.  473)  agrees  in  most  points  of  its  floral  arrangement 
with  D.  elatum,  and  is  likewise  fertilised  by  humble-bees. 

15.  Delphinium  Consolida,  L.,  differs  in  the  arrangement  of  its 
flower  from  D.  elatum  chiefly  by  the  coalescence  of  the  four  petals 
into  a  single  piece,  which  leads  to  the  following  modifications.  The 
two  upper  petals  unite  by  means  of  their  backward  directed  processes 
into  a  single  spur,  the  pointed  end  of  which  secretes  and  contains 
the  honey  •  their  expanded  portions,  which  are  turned  forward  also 
coalesce  lengthwise  with  one  another,  and  therefore  cannot  be  thrust 
apart  on  the  entrance  of  the  bee's  head  ;  but  in  conjunction 
with  the  lower  petals  they  form  a  sheath  which  is  well  adapted  to 
receive  the  bee's  head,  and  is  only  open  below.  Here  in  the  first 
stage  of  flowering  it  presents  the  anthers,  and  in  the  second  the 
stigmas,  for  contact  with  the  under  surface  of  the  bee's  head  The 
lower  petals,  which  thus  form  the  side  walls  of  the  sheath  or  tube 
unite  with  the  upper  ones,  but  not  with  one  another,  and  yield 
laterally  when  the  bee's  head  is  thrust  in.  Path- finders  and 
a  jower  boundary  of  the  entrance  to  the  spur  are  wanting 

™twT  CyC- 1  °\  devel°Pment  movement  of  stamens  and 
anthers  agrees  with  that  in  D.  elatum,  cross-fertilisation  is  in  like 
manner  insured  on  the  occurrence  of  insect-visits;  and  similarly, 
if  they  fail  to  occur,  self-fertilisation  is  impossible. 
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In  July,  1868, 1  assured  myself  of  the  actual  certainty  of  cross- 
fertilisation  by  direct  observation.  I  saw,  in  Thuringia,  upon  a 
field  covered  with,  wild  larkspur  in  flower,  numerous  examples  of 
Bomlus  hortorum,  L.  5  and  $  ,  sucking  at  the  flowers  of  this  species 
with  such  diligence  that  certainly  no  flower  in  its  second  period 
can  have  escaped  being  fertilised. 

Since  the  length  of  the  spur  is  about  15  mm.  from  its  insertion,  to 
which  must  be  added  the  wide  entrance,  7  mm.  long,  a  proboscis 
fully  15  mm.  long  is  needed  to  suck  the  honey  in  the  normal  way. 
Besides  Bombus  hortorum,  L.  (17  to  21),  B.  agrorum,  F.  (10  to 
15),  B.  fragrans,  K.  (15)  and  B.  senilis,  Sm.  (14  to  15),  some 
species  of  Anthophora,  viz.,  A.  aestivalis  Pz.  (15),  A.  rctusa,  L.  (16 
to  17),  and  A.  pilipes,  F,  (19  to  21),  are  all  fitted  for  sucking  the 
honey ;  but  all  must  do  so  with  greater  loss  of  time,  through 
having  to  force  the  head  deep  into  the  entrance  to  the  spur, 
except  A.  pilipes,  whose  season  is  over  when  Delphinium  comes 
into  flower.  Bombus  hortorum  seems  thus  to  be  the  ^nly  species 
which  is  well  adapted  for  the  flower ;  but  the  diligence  of 
this  one  species  compensates  the  plant  for  the  exclusion  of 
all  other  insects.  I  have  noticed  Satyrus  and  species  of  Hcspevia 
sucking  at  the  flowers,  and  sinking  their  thin  proboscides  into 
the  spur,  but  apparently  they  did  not  touch  the  anthers  or 
stigmas. 

Dr.  Ogle  gives  in  the  Popular  Science  Rcviciv  (631)  a  description 
of  a  species  of  larkspur  which  differs  from  those  here  described  in 
that  the  honey  secreted  by  the  upper  petals  is  contained  in  the 
spur  of  the  posterior  sepal.  I  unfortunately  cannot  determine 
which  species  of  Delphinium  is  referred  to  as  "the  blue  larkspur 
of  our  gardens." 

Delphinium  Ajacis,  L.,  described  by  Sprengel,  agrees  in  most 
points  with  D.  Gonsolida,  and  is  likewise  fertilised  by  humble- 
bees. 

16.  Aconitum  Napellus,  L. — This  plant  is  distributed  through- 
out the  Alps,  especially  about  the  Sennerei.  It  has  distinctly  proter- 
androus  flowers,  which  are  visited  by  humble-bees,  as  Sprengel  long 
ago  observed.  The  two  posterior  sepals  cohere  to  form  a  helmet- 
shaped  structure,  Avhich  shelters  the  anthers  and  nectaries ;  the 
two  lateral  sepals  give  foothold  to  the  mid  and  hindlegs^  of 
humble-bees  ;  all  four  play,  in  addition,  the  part  of  petals,  making 
the  flower  conspicuous  by  their  blue  colour.  Of  the  four  petals, 
the  two  anterior  help  to  close  in  the  essential  organs  laterally; 
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the  two  posterior  are  transformed  into  long-stalked  nectaries,  only 
accessible  conveniently  to  humble-bees.  The  well-marked  pro- 
terandry  insures  cross-fertilisation  if  humble-bees  visit  the  flower, 
and,  as  a  rule,  prevents  self-fertilisation  in  absence  of  insects 
(609). 

17.  Aconitum  LYCOCTONUM,  L. — The  structure  of  the  flower 
is  for  the  most  part  similar  to  that  of  A.  Napelhis,  but  the 
helmet  and  the  nectaries  are  so  exceedingly  long  that  only  an  insect 
whose  proboscis  is  very  exceptionally  long  can  reach  the  honey. 
In  point  of  fact,  in  the  plains  (in  a  wood  at  Thiile,  near  Paderborn) 
I  have  found  it  visited  exclusively  by  Bombus  hortorwn,  L.  ? 
(proboscis,  21  mm.),  whose  proboscis  is  the  longest  among  lowland 


Fin.  2$.— Aconitum  Napellus,  L. 

with^lfcepo^n flr8t  (maIe'  StagU-   The  !mthers  liave  beo°™  ™*.  ^ve  dehisced,  and  are  coated 
ar^riSSa^Tn   ">  a  h°'e  Wtten  by  B°mlUS  meatus. 

a„„  bending  backwards  ;      aftR^ft.fflftgt.Sa  ^  ^  ■  <  di«°>  empty! 
B.-Bsseritial  organs  in  the  second  (female)  stage  Dacl™ards. 
A— C,  nat.  size ;  D,  E,  X  2, 


(22  mm.)  whose  prohoscs  ,s  the  longest  among  Alpine  species 

eithrtpJ  o  no,'  ."v  yet  "se™d    -/olrZ  ; 
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Aconitum  scptentrionale,  KoelL,  has  likewise  proteranclrous  flowers, 
figured  by  Axell  (17). 

Pceonia  Moutan,  Sims.,  according  to  Delpino,  is  regularly  fertilised 
by  Cetonise,  which  lick  the  fleshy  disk  around  the  carpels.1 


EEVIEW"  OF  THE  RANUNCULACEiE. 

While  the  Umbelliferse  form  a  numerous  family  where  a  certain 
sum  of  adaptations  insuring  cross-fertilisation  has  been  inherited 
from  ancestral  forms  and  descends  through  all  branches  of  the 
family,  in  Ranunculaceai,  on  the  other  hand,  we  have  a  family 
whose  separate  divisions  have  developed  for  themselves  quite 
distinct  advantageous  modifications.  We  see  conspicuousness 
insured  in  Ranunculus  by  the  petals ;  by  the  sepals  in  Eranthis, 
Hellehorus,  Anemone,  Galtha ;  by  both  together  in  Aquilegia  and 
Delphinium;  by  the  stamens  in  Thalirtrum.  Honey  is  wanting 
in  Clematis,  Thalictrum,  and  Anemone  :  it  is  secreted  by  the  sepals 
in  certain  Pceonies  ;  by  the  petals  in  Ranunculus,  Eranthis,  Eelle- 
lorus,  Nigella,  Aquilegia,  Delphinium,  Aconitum  ;  by  the  filaments  in 
Atragene  ;  by  the  anthers  in  Pulsatilla  ;  by  the  carpels  in  Caltha : 
it  is  sometimes  easily  accessible,  at  other  times  more  or  less 
deeply  hidden.  Such  a  variety  of  different  adaptations  is  explained 
by  supposing  many  different  ways  of  attaining  perfection  to  have 
been  available  for  the  plants  when  their  flowers  had  not  yet  been 
modified  so  far  as  to  insure  cross-fertilisation. 

An  easily  accessible  situation  of  the  honey  in  simple,  regular 
flowers  carried  with  it  the  advantage  of  abundant  insect-visits ;  but 
at  the  same  time  the  objection  that  the  visitors  crept  about  the 
flowers  in  various  ways,  often  accomplishing  only  self-fertilisation, 
often  leaving  the  flower  still  unfertilised.  Honey  more  deeply 
placed,  brought  the  disadvantage  that  a  great  multitude  of 
insects  were  shut  out ;  but  this  advantage,  that  the  bees  with  long 
proboscides  had  to  move  in  a  particular  way  to  reach  the  honey, 
and  so  stamens  and  pistils  could  in  a  simple  manner  be  arranged 
so  as  to  render  cross-fertilisation  inevitable.  We  find  self-fer- 
tilisation possible  in  all  regular  Ranunculaceous  flowers  with 
easily  accessible  honey ;  but  prohibited  by  well-marked  proter- 
andry  in  all  those  with  deeply  situated  honey,  whether  regular,  as 
1  Lists  of  visitors  to  the  following  additional  species  are  given  in  my  WeUere 
BeobacSungn,  pt.  i.:  Clematis  Vitalba,  L.,  Thalictrum  minus,  L.  Sepattca  trdvba, 
iZ  p^SilLmlgaris,  Mill,  Anemone  silvestns  L  A.  ranunmlouies,  L„  Adonvi 
vmialis,  L.,  Myosurus  minimus,  L.,  Ackva  spicata,  L. 
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Aquilegia,  or  irregular,  as  Delphinium  and  Aconitum ;  and  so  we 
may  conclude  that  in  the  Ranunculacese  the  certainty  of  cross- 
fertilisation  has  been  more  effectually  attained  by  flowers  being 
specially  adapted  for  a  few  species  of  bees,  than  by  attracting  a 
great  multitude  of  different  guests.  We  must  however  beware 
of  taking  this  as  a  general  conclusion ;  for  in  Umbelliferas  the  still 
more  open  situation  of  the  honey,  aided  by  the  massing  together 
of  many  flowers,  insures  cross-fertilisation,  through  proterandrous 
dichogamy,  even  so  far  as  to  permit  loss  of  the  power  of  self- 
fertilisation. 

Only  those  Ranunculaceas  seem  to  me  to  be  adorned  with 
blue  colours  which  are  cross-fertilised  by  bees,  e.g.  Hepatica 
triloba,  which  is  fertilised  by  pollen -collecting  bees,  or  the 
species  of  Aquilegia,  Aconitum,  and  Delphinium,  which  seem 
adapted  for  humble-bees  by  the  whole  structure  of  then*  flowers. 
The  easy  transition  in  Hepaticas  from  blue  to  pink,  and  even  to 
white,  may  be  most  easily  explained  as  a  case  of  reversion  (vide 
also  609). 

Ord.  CALYGANTHAGEJE. 

Chimonanthus  fragrans,  Lind.,  has,  according  to  Hildebrand,  pro- 
terogynous  flowers.  In  the  first  stage,  the  still  immature  stamens 
are  bent  away  from  the  stigmas,  which  receive  pollen  from  other 
flowers ;  in  the  second  stage,  the  ripe  stamens  arch  over  the  stig- 
mas and  prevent  access  to  them  (356,  p.  491).  Delpino  saw  the 
flowers  visited  by  an  Osmia  at  Florence  (177,  p.  59). 

Gcdycanthus  fioridus,  L.,  according  to  Delpino,  is  markedly  pro- 
terogynous  with  short-lived  stigmas;  it  is  devoid  of  honey,  and 
is  probably  fertilised  by  Getonice  (177,  p.  58). 


Ord.  MAG  NO  LI  AC  EJS. 

Illicium  religiosum  has  in  the  middle  of  the  flower,  according 
to  Delpino,  little  papilla?,  very  rich  in  honey  and  resembling 
stigmatic  papillae,  which  probably  serve  as  bait  for  a  Cetonia  (567)° 

Magnolia  Yulan,  Desf.,  is  proterogynous.  According  to  Delpino, 
bees  fly  into  the  upright  flowers,  and  in  the  first  period  are  neither 
able  to  creep  up  the  smooth  petals,  nor  to  rise  in  flight  from  the 
short  pistil  which  stands  erect  in  the  centre  of  the  flower.  They 
remain  prisoners  until  in  the  second  period  the  petals  spread  out, 
and  the  bees  then  fly  away,  dusted  with  pollen,  to  another  flower 
(178,  360,  p.  593). 
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^  Magnolia  grandiflora,  L. — Rose-beetles  (Ceionia  aurata  and 
stictica)  resort  to  the  scarce  opened  flowers.  They  find  shelter 
beneath  the  three  inner  petals,  which  form  a  vault  over  the  stigmas, 
warmth  which  is  so  considerable  that  it  is  sensible  to  the  touch^ 
and  honey  lying  on  and  between  the  stigmas.  They  remain  in  this 
pleasant  refuge,  until  the  sepals  or  petals  fall  off,  and  then,  laden 
with  pollen,  they  fly  away  to  other  flowers.  In  the  first  period  only 
stigmas,  and  in  the  second  only  anthers,  are  mature,  so  self-fer- 
tilisation is  impossible,  and  the  beetles,  flying  from  flower  to  flower, 
accomplish  cross-fertilisation  regularly  (178,  360,  p.  594). 

Ord.  AN  ONAGER. 

Asimina  triloba,  Dunab.,  is  proterogynous  with  short-lived 
stigmas.  In  the  middle  of  the  bell-shaped,  pendulous  flower 
rises  a  hemispherical  mass  of  stamens,  from  the  midst  of  which 
some  stigmas  protrude.  The  three  inner  petals,  which  secrete 
honey  at  their  base,  lie  in  the  first  period  close  upon  the  stamens  ; 
they  compel  the  flies  which  visit  the  flower  to  touch  the  already 
mature  stigmas  on  their  way  to  the  honey.  Cross-fertilisation  is 
effected  if  the  flies  come  bringing  pollen  from  an  older  flower. 
Delpino  counted  seven  species  of  Diptera  visiting  the  plant 
(178,  p.  231;  360,  p.  672). 

Ord.  BERBERIDEM 

18.  Berberis  vulgaris,  L. — Sprengel  describes  and  figures  the 
flowers  as  hanging  down  vertically.  This,  however,  is  seldom  the 
case  ;  most  are  horizontal  or  inclined  obliquely  downwards.  They 
are  not  fully  protected  by  their  position  from  the  weather,  but  the 
three  inner  sepals  and  the  six  petals,  which  as  well  as  the  sepals 
are  curled  inwards  at  their  points,  protect  the  stamens  together 
with  the  honey-glands  and  honey  from  rain.  The  three  inner 
sepals  make  the  flower  conspicuous  by  their  yellow  colour,  and 
the  petals  completely  embrace  the  stamens  so  long  as  the  latter 
are  undisturbed.  The  honey-glands  are  two  thick,  oval,  fleshy, 
orange  bodies,  lying  quite  close  together  on  the  inner  side  and 
near  the  base  of  each  petal.  The  filaments  are  so  much  expanded 
as  to  touch  each  other  at  the  base ;  before  being  irritated  they  are 
bent  so  far  back  that  each  is  in  contact  with  the  part  of  a  petal 
below  the  honey-glands,  and  also  with  the  adjacent  halves  of  the 
two  honey-glands.  There  is  thus  no  room  for  the  honey  to 
accumulate  between  petals  and  stamens,  but  it  must  flow  into 
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the  angles  between  stamens  and  ovary,  which  are  always  found  to 
be  quite  full  of  honey.  Every  insect-visitor  must  thrust  its 
proboscis  into  one  of  these  angles ;  and  in  doing  so  it  causes  the 
two  stamens  which  the  base  of  its  proboscis  touches  to  spring 
inwards  towards  the  pistil,  and  to  dust  with  pollen  one  side  of  its 
head,  which  is  thus  shut  in  between  two  anthers  and  the  stigma. 

The  stigma  is  represented  by  the  papillose  and  viscid  edge  of  a 
disc  which  surniotmts  the  ovary  and  occupies  the  middle  of  the 
flower ;  one  side  of  the  insect's  head,  opposite  to  that  touched  by 
the  stamen,  comes  in  contact  with  the  stigma.  The  insect  usually 
flies  away  at  once  after  the  first  drop  of  honey  on  being  struck  by 
the  stamen,  and  as  it  thrusts  its  head  or  proboscis  into  the  flower 
in  many  different  ways  as  the  different  positions  of  the  flower 


Fir..  30. —  Berbcris  vulgaris,  L. 

1.  — Flower  seen  from  above,  a,  the  tliree  inner,  larger  sepals,  which  by  their  size  and  colour  play 
the  part  of  a  corolla ;  6,  outer,  b',  inner  petals,  ;  c,  nectaries ;  d,  filaments  ;  e,  stigma. 

2.  — Position  of  the  stamen  after  springing  inwards. 

3.  — Petal  with  its  two  thick  fleshy,  orange  nectaries. 

4— 7.— Stamens  in  various  stages  of  dehiscence,  erection,  and  rotation  of  the  anther-valves  4 
stamen  with  the  anther-valves  still  closed  ;  5,  the  valve  of  the  right  anther-lobe  has  opened  and  is 
beginning  to  move  upwards,  with  the  pollen  attached  to  it ;  6,  both  valves  have  nearly  completed 
their  movement  of  rotation,  the  pollen  masses  are  directed  towards  the  right  and  left  •  7  both  valves 
have  turned  in  such  a  way  that  the  pollen-mosses  face  the  centre  of  the  flower, 'and  touch  one 
another  with  their  adjacent  edges  ;  7b,  ditto,  inner  aspect 


require,  now  under  now  over  the  stigma,  now  to  the  right,  now  to 
the  left,  its  head  must  soon  be  dusted  all  round  with  pollen,  and  it 
must  fertilise  every  succeeding  flower  that  it  visits.  It  can  only 
accomplish  self-fertilisation  if  in  the  same  flower  it  plunges  its 

and  then  to  the  left,  or  first  over  and 
then  under  the  stigma.  In  the  case  of  the  hive-bee  I  have 
distinctly  observed  that  it  seldom  proceeds  in  this  manner.  It 
never  makes  a  circuit  of  the  flower,  for  it  flies  away  and  seeks 
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another  as  soon  as  it  is  struck  by  the  stamens  whose  bases  it  lias 
touched,  and  it  rarely  thrusts  its  proboscis  a  second  time  into  the 
same  flower.  When  it  plants  its  forelegs  upon  the  flower,  it 
usually  causes  the  greater  number  of  the  stamens  to  close  in  upon 
the  pistil. 

I  have  often  seen  humble-bees,  on  the  other  hand,  thrust  their 
proboscides  again  and  again  into  the  same  flower. 

It  is  clear  from  the  above  that  Sprengel  is  in  error  when  he 
explains  the  flower  of  the  barberry  as  adapted  for  self-fertilisation ; 
and  this  is  proved  most  unequivocally  by  a  closer  examination  of 
the  movement  of  the  anthers  upon  irritation. 

Before  the  flower  opens  the  anthers  stand  on  a  level  with  the 
stigma ;  they  are  closely  applied  to  the  stigma  in  the  bud,  but  in 
the  opening  flower  they  are  bent  as  far  backwards  as  the  sur- 
rounding petals  allow.  As  soon  as  the  petals  begin  to  diverge, 
the  anthers  dehisce,  the  lid  flying  up  and  remaining  attached  only 
to  the  extreme  end  of  the  connective,  which  is  here  at  its  broadest. 
The  anther-lid  carries  with  it  almost  all  the  pollen,  and  after  rising 
to  its  full  height  it  turns  that  side  which  bears  the  pollen  inwards 
towards  the  middle  of  the  flower.  If  the  stamens  are  now  touched 
at  their  bases  and  made  to  move  inwards,  the  masses  of  pollen  do 
not  come  on  a  level  with  the  stigma,  but  stand  above  it ;  so  that 
even  those  parts  of  the  masses  of  pollen  which  do  not  touch  the 
insect,  excluding  some  little  scattered  particles,  do  not  come  in 
contact  with  the  stigma :  the  insect's  head  or  proboscis,  however, 
in  being  drawn  back  and  rubbed  against  the  masses  of  pollen 
gets  dusted  with  pollen  just  in  those  parts  which  will  come  in 
contact  with  the  stigma  in  other  flowers. 

If  insect-visits  altogether  fail,  then,  as  the  flowers  wither,  the 
masses  of  pollen  come  of  themselves  into  contact  with  the  stigma 
through  the  bending  inwards  of  the  anthers.  I  have  observed  this 
in  specimens  kept  in  my  room,  but  I  cannot  say  what  results  follow 
self-fertilisation  at  such  a  late  period. 

Visitors  :  A.  Dipteral—  (a)  Syrphidce  :  (1)  Helophilus  floreus,  L.,  very  ab.  ; 
(2)  H.  pendulus,  L.  ;  (3)  Eristalis  tenax,  L.,  ab.  ;  (4)  E.  arbustorum,  L.  ;  (5) 
E.  nemormn,  L.  ;  (6)  Rbingia  rostrata,  L.,  ab.  ;  (b)  Muscidcc :  (7)  Onesia 
floralis,  R.  D.  ;  (8)  0.  sepuloralis,  Mgn.  ;  (9)  0.  cognata,  Mgn.  ;  (10)  Musca 
domestica,  L.  ;  (11)  M.  corvina,  F.  B.  Hymenoptera—  (a)  Apidce :  (12) 
Apis  mellifica,  L.  $ ,  ab.  ;  (13)  Bombus  terrestris,  L.  ?  ;  (14)  B.  pratorum, 
L.  ?  ;  (15)  Andrena  Trimmerana,  K.  ?  ;  (16)  A.  helvola,  L.  £ ;  (17)  A. 
fulvicrus,  K.  $,  ab.  ;  (18)  A.  falva,  Scbrk.  ?,  moderately  ab.  ;  (19)  A. 
albicans,  K.  ?;  (20)  A.  Smitliella,  EL  ?;  (21)  Halictus  rubicundus,  Cbr.  ? 
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(/>)  Vespidce ;  (22)  Vespa  holsatica,  F.  $  ;  (23)  V.  rufa,  L.  $ .  C.  Coleop- 
bera—  (o)  DermesMm:  (24)  Attagenus  pellio,  L.  ;  (//)  Coctimllida ■■ :  (25) 
Coccinella  14punctata,  L.  All  were  sucking  honey  ;  Bombus  pratoram  and 
Andrena  fulva  were  also  collecting  pollen.    See  also  590,  I.,  and  609. 

Oed.  NYMPUJEACEjE. 

19.  Nuphar  luteum,  Smith. — The  sepals,  as  Sprengel  clearly 
showed,  have,  by  their  increased  size  and  the  yellow  colour  of  their 
upper  surface,  taken  on  the  function  of  a  corolla  :  the  under  side 
of  the  petals  secretes  honey.  Sprengel  found  only  small  beetles  of 
the  genus  Meligethes  in  the  flowers :  I  have  seen  besides  Meligethcs 
various  flies  and  other  small  beetles  creeping  about  the  flowers  and 
flying  from  one  to  another ;  they  effected  self-fertilisation  and 
cross-fertilisation  indifferently.  I  was  only  able  to  catch  Onesia 
Jioralis,  R.D.  (Mitscidce),  and  Donacia  dentata,  Hoppe  (Chryso- 
melidcc) ;  both  were  richly  dusted  with  pollen. 

Nymplicm  cdba,  L.,  and  Victoria  regia,  Lind.,  are,  in  Delpino's 
opinion,  fertilised  by  Cetonice  and  Glaphyridce.    See  also  No.  775. 

Okd.  PA  PA  VERA  C-EsE. 

20.  Papaver  Ehceas,  L. — The  numerous  anthers  stand  close 
round  the  stigma,  and  dehisce  before  the  opening  of  the  flower. 
They  cover  themselves  with  pollen,  part  of  which  reaches  the 
lower  part  of  the  stigmatic  lobes,  while  the  higher  central  parts, 
of  the  stigmatic  lobes  protru'de  free  from  pollen.  Its  flowers 
contain  no  honey,  and  are  therefore  visited  solely  by  pollen-seeking 
insects,  which  find  the  broad  stigmatic  surface  the  most  convenient 
place  on  which  to  alight.  They  necessarily  accomplish  cross- 
fertilisation  if  they  have  come  from  another  flower,  and  this 
cross-fertilisation  probably  prevails  in  its  action  over  the  self- 
fertilisation  which  has  already  taken  place. 

Visitors:  A.  Hymenoptera- Apidce :  (1)  Halictus  sexnotatns,  K.  $,very 
ab.  ;  (2)  H.  flavipes,  F.  ?,  ab  ;  (3)  H.  longulus,  Smitb,  $  ;  (4)  H.  cylindri- 
cus,  K.  $  ;  (5)  H.  maculatus,  Sm.  ?  ;  (6)  Andrena  dorsata,  K.  ?,  ab.  ;  (7)  A. 
iulvicrus,  K.  $  ;  all  collecting  pollen,  and  dusted  thickly  with  it.  B  Diptexa 
^SyrphidcB:  (8)  Oheilosia,  f.p.  C.  Ooleoptera-^ii^K^ ;  (9)  Meligethes 
very  ab?  f.p.  D.  Orthoptera-(IO)  Forficula  auricularia,  L.3  both  larvse  and 
perfect  insects  hiding  in  the  base  of  the  llower.    See  also  No.  590,  1. 

Whether,  in  default  of  insect-visits,  the  self-fertilisation  which 
inevitably  takes  place  leads  to  development  has  still  to  be  decided 
by  experiment.    Probably  it  does  so,  as  Hildebrand  has  found  thai 
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Argemone  ochroleuca,  Glaucium  lutcum,  and  Papaver  argemonoides 
all  bear  seed  when  fertilised  with  their  own  pollen  (358). 

Papaver  Argemone,  L.— The  flower  has  exactly  the  same 
structure  as  P.  Rhceas,  the  only  difference  being  that  a  smaller 
part  of  the  stigmatic  lobes  is  exposed  to  self -fertilisation. 

In  Papaver  dubiiom,  L.,  the  stigma  stands  some  millimeters 
above  the  level  of  the  anthers,  so  that  self-fertilisation  can  only 
take  place  in  a  down-turned  position  of  the  flower.  Perhaps  the 
fact  that  this  species  is  much  rarer  than  the  others  (in  Westphalia, 
at  least)  is  due  to  the  impossibility  of  self-fertilisation. 

Papaver  alpinum,  L.,  is  homogamous,  and  (when  cultivated) 
is  sterile  to  its  own  pollen.  The  flowers  are  devoid  of  honey,  and 
are  visited  by  pollen-feeding  Diptera  (609). 

Papaver  hybridwm,  L.,  has  cleistogamic  flowers,  at  least  when 
under  cultivation  (369). 

21.  Chelidonium  MAJUS,  L. — In  sunny  weather  the  anthers 
dehisce  laterally  as  the  flower  opens,  and  the  stigma  is  developed 
at  the  same  time.  Since  the  stigma  somewhat  overtops  the  anthers, 
insects  alighting  in  the  middle  of  the  flower  touch  the  stigma  first 
and  accomplish  cross-fertilisation,  while  those  which  alight  on  a 
petal  and  crawl  inwards  may  accomplish  either  cross-  or  self- 
fertilisation.  In  dull  weather  the  flowers  remain  closed  longer, 
and  the  stamens  dehisce  within  the  as  yet  unopened  flower,  causing 
self-fertilisation. 

The  flowers  contain  no  honey,  and  are  visited  and  fertilised  only 
by  pollen-seeking  insects. 

Visitors  :  A.  Hymenoptera— Ajnda  :  (1)  Boinbus  pratoruni,  L.  $  ;  (2)  B. 
agrorum,  F.  $  ;  (3)  B.  Rajellus,  111.  ?  —(all  three  alighted  on  the  centre  of 
the  flower  and  swept  pollen  in  great  haste  with  the  tarsal  brushes  of  the  fore 
and  midlegs  out  of  the  anthers  into  the  baskets  on  their  hindlegs,  and  hardly 
spent  two  to  three  seconds  on  the  flower  before  passing  to  another  ;  they  effect 
cross-fertilisation  regularly)  ;  (4)  Halictus  cylindricus,  F.  $  ;  (5)  H.  zonulus, 
Sm.  ?  ;  (6)  H.  sexnotatus,  K.  ?  ;  (7)  H.  sexstrigatus,  Schenck,  ?  —(these 
small  bees  alight  on  the  anthers  and  spend  a  much  longer  time  on  each  flower, 
passing  round  upon  the  anthers.  They  only  come  in  contact  with  the  stigmas 
accidentally,  and  may  effect  self-fertilisation  and  cross-fertilisation  indifferently). 
B  Diptera—  (a)  Syrphidce  :  (8)  Syrphus  balteatus,  Deg.  ;  (9)  S.  ribesii,  L.  ; 
(10)  Syritta  pipiens,  L.  ;  (11)  Ascia  podagrica,  F.  ;  (12)  Rhingia  rostral  a. 
L  all  feeding  on  the  pollen,  and  moving  round  the  flower  in  the  same  way  as 
the  species  of  Halictus  ;  (/;)  EmpkU  :  (13)  Empislivida,  L.   See  also  No.  590, 1. 

Uschscholtzia  Calif ornica,  Chmss.,  furnishes  an  illustration  of 
varying  capacity  for  self-fertilisation.  My  brother  Fritz  Miiller  found 
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this  species  unfruitful  in  South  Brazil,  and  Darwin  found  it  fruitful 
in  England,  when  fertilised  with  its  own  pollen.  Plants  which  Fritz 
Mtiller  raised  in  South  Brazil  from  seed  sent  from  England  by- 
Darwin  yielded  some  seeds  when  fertilised  with  their  own  pollen, 
but  far  fewer  than  in  England.  Hildebrand  found  this  species  not 
absolutely  barren,  but  very  nearly  so,  when  fertilised  with  its  own 
pollen  (358). 

Ord.  FUMARIACEjE. 

Hypecoum  promcmbens,  L. — In  the  bud,  the  two  inner  petals 
receive  all  the  pollen  in  two  pockets  developed  upon  their  inner 
surface,  and  these  pockets  close  up  before  the  development  of  the 
stigma.  On  pressure  from  above,  their  edges  separate  and  dust  the 
object  pressing  them  with  pollen.  The  stigmatic  papilla?  do  not 
attain  their  full  development  until  some  time  after  the  opening 
of  the  flower,  and  after  the  pistil  has  grown  up  above  the  level 
of  the  pollen-sacs,  so  that  in  each  flower  insects  come  in  contact 
first  with  the  stigma  and  then  with  the  pollen.  Cross-fertilisation 
is  insured  (in  case  of  insect-visits)  first  by  proterandry,  and  secondly 
by  the  projecting  situation  of  the  stigma  (358). 

Hypecoum  grandifiontvi.~RMebrfm.di  found  that  the  flowers 
of  this  species  were  very  nearly  though  not  absolutely  barren 
when  fertilised  with  their  own  pollen  or  with  pollen  from  another 
flower  of  the  same  plant  (358). 

22.  Diclytra  spectabilis,  D.C.-The  heart-shaped  pendulous 
flowers  contain  honey  in  the  two  pouches  at  the  base  of  the  outer 
semi-cordate  petals.  Each  of  these  two  petals  incloses  three 
stamens  which  follow  the  contour  of  its  wall  and  then  together 
form  a  channel  leading  from  the  middle  of  the  flower  to  the  honey 

MnVl  1  e^  S  °f  ?  StamenS  Pr°ject  straiSht  downwards, 
lying  dose  together  around  the  pistil,  and  being  themselves  sur- 
rounded by  the  hood-like  ends  of  the  two  inner  petals,  wh  ch 
cohere  at  the  points.  1 

Between  the  hood-shaped  end  of  the  inner  petal  and  the  curled 
leadint  tZT  f™™™™  °»  *ght  and  left  a  canal 
proboscis  into  one  of  the  two  canals,  the  lower  surface  of  its 
^°ZLeZh°V*  h°0d         ^  ^  ~  " 

Vl  th      f 5  6  St.lgma'  WWch  18  ^  -d  °f  »  "tiff 

style  and  therefore  escapes  being  pushed  aside,  is  rubbed  by  the 
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hairs  on  the  lower  surface  of  the  bee's  body.  When  the  bee  flies 
a  way  the  hood  returns  to  its  former  position  and  again  incloses  the 
stamens  and  pistil.  At  each  visit  this  action  is  performed  twice, 
once  on  the  right  and  once  on  the  left,  since  there  are  two  honey- 
sacs  and  two  canals  leading  to  them.  Thus  in  young  flowers  the 
pollen  adhering  to  the  stigma  is  brushed  off  on  to  the  hairy  body 
of  the  bee,  and  in  older  flowers,  which  have  been  already  robbed 
of  their  own  pollen,  pollen  from  other  flowers  is  brought  and 
applied  to  the  stigma.  Hildebrand  saw  humble-bees  acting  in  the 
manner  described.  Since  the  proboscides  of  our  humble-bees  vary 
from  7  to  21  mm.,  and  the  canals  leading  to  the  honey  in  Didytra 
are  18  to  20  mm.  long,  the  action  of  the  different  visitors  deserves 
closer  examination. 

I  have  only  seen  Bomhus  hortorum,~L.  ?  (20  to  2l),a.ndAntho2rfiora 
pilipes,  F.  .$  (19  to  20),  both  in  fair  abundance,  sucking  this  flower  in 
the  normal  way :  they  sucked  each  flower  twice,  once  on  each  side. 
Bomhus  tcrrestris,  L.  ? ,  whose  proboscis  is  only  7  to  9  mm.  long, 
climbs  on  to  the  upper  part  of  the  flower  and  bites  a  hole  into 
one  of  the  honey-sacs ;  it  tries  to  introduce  its  proboscis  through 
the  hole  it  has  made,  and  if  it  does  not  at  once  succeed,  it  bites 
several  times,  and  at  last  succeeds  in  stealing  the  honey  out  of 
both  the  pouches.1  I  have  seen  Bomhus  pratorum,  L.  5  (11  to  12), 
and  B.  Bajellus,  111.  (12  to  13),  act  in  the  same  way.  Osmia  rufa, 
L.  ?  (9),  Megachile  centuncularis,  L.  6  (6  to  7),  and  Apis  mellifica, 
L.  $  (6),  often  make  use  of  the  holes  which  humble-bees  have 
bitten,  and  which  few  flowers  are  free  from. 

The  action  of  the  hive-bee  on  flowers  of  Diclytra  convinced 
.me  of  the  advantage  that  flowers  derive  from  having  convenient 
landing-places  for  insects.  If  the  bee  tried  to  steal  honey  by  means 
of  holes  made  by  Bomhus  tcrrestris,  it  found  no  such  resting-place, 
but  catching  hold  of  the  edge  with  some  of  its  legs,  it  groped  about 
with  the  others  on  the  smooth  surface,  and  so  stood  insecure  and 
wasted  much  time. 

Diclytra  eximia,  D.C. — The  flower  has  been  thoroughly  described 
and  figured  by  Hildebrand  (358).  It  resembles  D.  spectahilis,  but 
the  space  for  the  lateral  bending  of  the  hood  is  smaller  and  the 
passage  to  the  honey  shorter. 

In  Diclytra  cucullaria,  D.C,  the  outer  petals  are  provided  with 
long  spurs  and  the  honey  is  secreted  by  two  long  processes  of  the 
middle  stamens  lodged  in  these  spurs  (358). 

1  In  North  America,  Didytra  Canadensis  is  bitten  in  the  same  way  by  the 
short-lipped  bee  Bomhus  Virginwm,  Oliv.  (736). 
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23.  Corydalis  cava,  Schweigg.  and  Kort.    The  flower  is 
figured  and  described  by  Hildebrand  (351,  358). 

In  contrast  to  the  pendulous  flowers  of  Diclyira  and  Adlumia, 
which  are  symmetrical  about  two  planes  perpendicular  to  .  one 
another,  and  permit  a  double  motion  of  the  hood,  to  right  and  left, 
we  have  in  Corydalis  cava  horizontal  flowers  symmetrical  about 
one  perpendicular  plane,  and  whose  hood  can  only  be  thrust  by 
insects  in  one  direction,  viz.  downwards.  The  two  outer  petals, 
which  are  here  superior  and  inferior,  have  ceased  to  be  symmetrical, 
the  upper  one  being  produced  into  a  long  spur,  curved  downwards 
at  the  end,  and  reaching  some  12  mm.  backwards  over  the  flower- 
stalk.  In  this  spur  is  lodged  a  common  prolongation  of  the  upper 
stamens,  which  secretes  honey  and  extends  as  far  as  the  curved  part 
of  the  spur. 

The  two  inner  petals  stand  at  the  sides,  and  are  fused  with  the 
upper  petal  at  their  bases ;  they  are  symmetrical,  and  unite  at  the 
apex  to  form  a  hood.  A  bee,  to  reach  the  honey  stored  at  the  end 
of  the  spur,  must  stand  on  the  lower  petal  or  on  the  hood,  and 
thrust  its  proboscis  between  the  hood  and  the  upper  petal;  in 
doing  this,  it  presses  down  the  hood,  and  rubs  the  under  surface 
of  its  head  on  the  stigma,  which,  being  placed  on  a  stiff  pistil,  does 
not  bend  downwards,  and  has  been  covered  with  pollen  before  the 
opening  of  the  flower.  The  hood,  on  withdrawal  of  the  pressure 
springs  back  into  its  former  place,  and  covers  the  pistil  and  stamens 
as  before. 

So,  in  young  flowers,  bees  dust  the  lower  part  of  their  heads 
with  pollen;  m  older  ones  they  supply  the  stigma  with  pollen  from 
previously  visited  flowers.  As  the  bees  habitually  go  from  below 
upwards  on  each  plant,  they  bring  pollen  to  the  lower  and  older 
flowers  of  one  plant  from  the  upper  and  younger  flowers  of 
another,  and  thus  regularly  induce  crossing  of  separate  stocks 
This  is  very  noteworthy,  since  Hildebrand  has  shown  by  many 
expend s  that  the  flowers  of  G.  cava  are  absolutely  barren  to 

fethe°TlP    T'  I"7  figlfly  f6rtlle  t0  VoUen  from  another  flower 
of  the   ame  piant     d  only  thoro  fertile 

with  pollen  from  a  different  plant  «0natea 

mosffillpfVn  °f  a  Mm  iS  12  l0n-  and  is  ^  the  very 
most  filled  with  honey  to  the  extent  of  4  or  5  mm   it  is  quite 

Zwvi ftl^l  hirbee  ^  ^  Pr0b0Sds  °f  6  -  "each 

inmm  .  v,  .  Jr.  ProDoscls  ot  7  to  9  mm.,  occasionally  even 
10  mm. ,  but  even  this  species  soon  gives  up  thrusting  its  proboscis 
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between  the  hood  and  the  upper  petal.    It  more  usually  bites 
a  hole  in  the  spur  at,  or  a  little  in  front  of,  its  place  of  bending, 
and  through  this  hole  thrusts  its  proboscis  to  the  extremity  of  the 
spur.    I  found  the  great  majority  of  flowers  to  have  been  bitten 
through  in  this  way  by  B.  terrestris,  ?,  and  through  the  holes  I 
saw  not  only  the  hive-bee,  but  also  Andrena  albicans,  K.  "  $? , 
A.  nitida,  Fourc.  <J,  Spliecodcs  gibbus,  L.,  and  Nomada  Fabriciana, 
L.  $ ,  obtain  the  honey.    The  only  bee  which  I  have  seen  sucking 
the  honey  of  G.cava  legitimately  is  Anthophora  pilipes,  F.  $  and  $ , 
with  its  proboscis  of  19  to  21  mm.    But  this  species  visited  the 
flowers  of  Corydalis  in  such  numbers  and  so  diligently  that  it 
should  suffice  for  the  fertilisation  of  all.    I  have  only  seen  two 
other  insects  legitimately   sucking  the  honey  of  G.  cava,  viz. 
Bombylius  major,  L.  (10)  and  B.  discolor,  Mgn.  (11  to  12),  which, 
hovering  over  the  flowers,  thrust  in  their  long  proboscides,  without 
however,  accomplishing  fertilisation.    The  hive-bee  must  also  be 
included  among  the  fertilisers  of  G.  cava.    I  have  often  seen  it 
creeping  in  between  the  hood  and  upper  lip  with  the  fore-part  of 
its  body  in  order  to  collect  pollen,  which  it  swept  off  the  stigma 
with  the  tarsal  brushes  of  its  middle  legs,  and  placed  in  the  pollen- 
baskets  on  its  hincllegs.    An  ant,  lasius  niger,  L.  ? ,  enters  the 
flowers  and  makes  its  way  to  the  honey  (590, 1.). 

24.  Corydalis  solida,  Sm.,  resembles  the  former  species  in 
the  mechanism  of  its  flowers,  and  has  a  spur  sometimes  as  long, 
sometimes  very  slightly  shorter.  In  the  spot  where  I  have  observed 
it  (Stromberg  Hill),  it  grows  together  with  G.  cava,  but  in  smaller 
numbers,  and  always  with  red  flowers  (G.  cava  being  white  or  red). 
In  this  locality  its  honey  is  sucked  legitimately,  as  in  G.  cava,  by 
Antlwpliora  pilipes,  F.,  Bombylius  major,  L.,  and  B.  discolor,  Mgn. ; 
the  honey  is  stolen  by  means  of  a  hole  by  B.  terrestris,  L.  5,  and 
Apis  mdlifka,  L.  t? ,  and  the  plant  is  also  visited  and  fertilised 
by  the  last-named  for  the  sake  of  its  pollen. 

Corydalis  nobilis,  Pers.  and  G.  capnoidcs,  Whlnb.,  have,  according 
to  Hildebrand,  a  similar  arrangement  to  that  of  G.  cava  (358). 

Corydalis  ocliroleuca,  K.,  is  marked  off  from  G.  cava  by  the  fact 
that  the  hood,  when  once  bent  down,  does  not  rise  again,  while  the 
stamens  and  pistil  fly  upwards  and  become  concealed  in  a  hollow 
of  the  upper  petal.  Hence  each  flower  can  only  be  visited  by  bees 
once  in  such  a  way  as  to  influence  these  organs.  This  single  visit 
dusts  the  under  side  of  the  bee  with  the  pollen  which  has  been 
heaped  up  on  the  stigma,  and  also  brings  other  pollen  to  the 
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stigma  if  the  bee  comes  from  another  flower.  Hildebrand's 
experiments  prove  that  the  flowers  of  C.  ochrolcuca  are  fertile  both 
with  their  own  pollen  and  with  that  from  another  flower  of  the 
same  plant. 

25.  Corydalis  lute  A,  D.C.,  resembles  C.  ochrolcuca  in  the 
mechanism  of  its  flower.  I  saw  it  repeatedly  visited  and  sucked 
in  the  legitimate  way  by  Bombus  agrorum,  F.  ?,  whose  proboscis 
measures  12  to  15  mm.  Other  bees  which  I  have  seen  visiting  the 
flower  are  enumerated  in  my  Weitere  Beobachtungcn,  pt.  i.  p.  54. 

26.  Fumaria  officinalis,  L.— The  mechanism  of  the  flower 
resembles  that  of  Corydalis  cava  ;  but  the  flowers  are  much  smaller 
and  instead  of  the  long  spur,  a  short  rounded  pouch  is  present 
in  which  a  short  process  from  the  upper  stamen  is  lodged  and 
secretes  honey.  Hildebraud  found  the  flowers  to  be  fertile  to  their 
own  pollen ;  but  he  doubts  whether  self-fertilisation  often  occurs 
under  natural  conditions,  and  places  full  reliance  on  the  agency 
of  insects.  ° 

I  have  often  watched  F.  officinalis,  and  have  convinced  myself 
most  clearly  that  it  is  very  sparingly  visited  by  insects.    I  have 
only  occasionally  observed  the  hive-bee  sucking  at  this  flower 
and  I  have  very  frequently  watched  in'  vain  even  in  calm  sunny 
weather  for  a  single  insect  visitor. 

It  is  obviously  advantageous  to  a  plant  for  its  flowers  to  be 

adapted  for  fertilisation  not  by  one  or  a  few,  but  by  many  species 

of  insects.    In  Fumaria  officinalis,  whose  flowers  mio-ht  be  visited 

by  most  kinds  of  bees  on  account  of  the  shallow  situation  of  the 

honey,  this  advantage  which  it  has  over  C.  cava  is  outweiohed 

by  several  disadvantages.    For  C.  cava  blooms  in  early  sprino-  at  a 

time  and  in  places  where  few  flowers  compete  with  it  in  attracting 

insects  (its  chief  nyals  on  Stromberg  Hill  are  Primula  elatior  and 

Pulmonarza  offianalis) ;  while  Fumaria  officinalis  blooms  in  the 

middle  of  summer  when  many  flowers  at  the  same  time  are  tryino- 

to  divert  the  attention  of  honey-seeking  bees.    And  further  white 

C.  cava  with  its  handsome  spikes  of  flowers  is  very  conspicuous 
m  comp  h  its  neighWgj  7  pcuou 

«  reCin?  the  ^wers  of  FuZZ 

ojficmalis  are  very  inconspicuous  m  comparison,  and  give  but  a  uoor 
J-mise  0f  spoil.  Hence  we  see  that  although  Yhe  h Ley of 
C  orydalu  cava  can  only  be  reached  legitimately  by  one  out  of the 
many  species  of  bees  that  are  on  the  wing 
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period,  yet  it  is  so  regularly  fertilised  by  that  one,  that  it  has  quite 
lost  the  power  of  self-fertilisation ;  while  Fumaria  officinalis,  though 
it  might  be  fertilised  by  very  many  kinds  of  bees  that  are  abundant 
while  it  flowers,  is  so  little  visited  that  it  is  forced  as  a  rule  to 
reproduce  by  self-fertilisation.  I  have  repeatedly  noticed  how  very 
seldom  Fumaria  officinalis  is  visited  by  insects,  and  have  observed 
that  notwithstanding  almost  every  flower  has  borne  fruit.  I  have 
also  found  that  during  continued  rainy  weather  which  keeps  every 
bee  away,  F.  officinalis  is  still  fully  fruitful,  and  I  cannot  therefore 
doubt  that  it  makes  the  fullest  use  of  its  power  of  self-fertilisation. 

The  same  holds  good  with  regard  to  Fumaria  capreolata,  L., 
and  F.  parviflora,  Lam.,  which  on  the  whole  agree,  according  to 
Hildebrand,  with  F.  officinalis  in  their  mechanism  of  fertilisation, 
but  have  lost  the .  elasticity  of  the  hood,  probably  through  long 
disuse. 

In  Fumaria  spicata,  L.,  on  the  other  hand,  the  structure  of  the 
flower  resembles,  according  to  Hildebrand,  that  of  Goryalalis  lutca 
and  G.  ochroleuca.  The  column,  after  once  emerging  from  the 
hood,  spriugs  up,  owing  to  the  tension  of  the  upper  stamens,  and 
buries  itself  in  a  depression  in  the  upper  petal.  This  species  is 
also  fertile  to  its  own  pollen. 

Fumaria   capreolata,   var.  pallidijlora,  has   this  remarkable 
peculiarity,  first  mentioned  by  Moggridge,  that  its  flowers,  which 
are  at  first  almost  white,  assume  a  conspicuous  pink  or  even 
carmine  tint  after  fertilisation.    A  similar  change  of  colour  occurs 
in  Lantana,   Weigelia  rosea,  Ribes  aurcum,  R.  sanguinmm,^  and 
many  other  flowers  which  are  fertilised  by  the  more  intelligent 
insects  (bees  or  Lepidoptera).    The  insects  are  attracted  from  a 
distance  by  the  bright  colours  of  the  older  flowers,  and  they  learn 
to  distinguish  very  quickly  between  these  and  the  less  conspicuous 
younger  flowers  which  alone  contain  treasure  for  them  ;  while  the 
less  Intelligent  insects,  useless  in  these  cases  for  the  work  of 
fertilisation,  betake  themselves  chiefly  to  the  more  showy  flowers 
(74,  309,  530,  575,  590,  !■)• 


Ord.  GRUGIFERJE. 


27  Nasturtium  silvestre,  R.  Br.— At  the  base  of  the  flower, 
between  every  two  stamens,  there  is  visible  a  green  fleshy  gland, 
which  secretes  a  drop  of  honey.  The  anthers  of  the  four  longer 
stamens  are  on  a  level  with  the  stigma,  the  other  two  he  somewhat 
deeper-  all  remain  turned  towards  the  middle  of  the  flower.  In 
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sunny  weather,  when  the  flowers  open,  the  anthers  spread  apart  a 
'  little,  and  dehisce  on  the  side  turned  towards  the  stigma.  Insects 
which  make  for  the  honey  must  thrust  their  heads  into  the  flower 
between  the  stamen  and  stigma,  and  bring  one  side  of  the  head  in 
contact  with  one  or  two  anthers,  and  the  other  with  the  stigma.  If 
they  move  round  the  flower  licking  up  all  the  honey-drops,  as  a 
rule  the  same  side  of  the  head  remains  turned  to  the  stigma 
throughout.  In  subsequent  flowers  the  opposite  side  of  the  head 
may  touch  the  stigma,  and  lead  to  cross-fertilisation.  It  may 
happen,  and  perhaps  does  so  happen  frequently,  that  the  insect 
plunges  its  head  several  times  into  the  same  flower,  and  so  leads  to 
self-fertilisation.  In  rainy  weather  the  flowers  only  partially 
expand,  and  the  anthers  of  the  longer  stamens  remain  in  immediate 
contact  with  the  stigma,  and  accomplish  self-fertilisation. 


P 

Fig.  31. — Nasturtium  silvestre,  R.  Br. 

Flower  from  above.  In  the  centre  is  the  stigma  concealing  the  ovary ;  around  it  are  seen  four 
larger  (n)  and  two  smaller  («')  honey-drops,  a,  the  longer  stamens  ;  a',  shorter  ditto.  In  all  the 
stamens,  the  pollen-covered  face  of  the  anther  is  visible,  turned  towards  the  stigma. 

Visitors  :  A.  Hymenoptera—  (a)  Sphegidce :  (1)  Crabro  WesniEeli,  v.  d. 
L.,  s.  ;  (2)  Tiphia  rninuta,  v.  d.  L.,  s.  ;  (b)  Apidce :  (3)  Apis  mellifica,  L. 
9,  c.p.,  ab.  j  (4)  Andrena  Schrankelk,  K.  ?,  c.p.  ;  (5)  Halictus  nitidius- 
euluSjK.  ?,s.  B.  Diptera— (a)  Empidce:  (6)  Empis  livida,  L.,  s.  ;  (b)  Syr- 
phida:  (7)  Syritta  pipiens,  L.,  s.  and  f.p.  ;  (8)  Syrphus  sp.,  s.  and  f.p.  ;  (9) 
Cbrysogaster  Macquarti,  Loew.,  s.  ;  (10)  Eristalis  arbustorum,  L.,  s.  ;  (c) 
Bombylida  :  (11)  Anthrax  hottentotta,  L.,  s. 

Nasturtium  officinale,  R.  Br.— There  is  a  remarkable  difference 
between  the  flowers  of  this  species  and  those  of  N.  silvestre.  At 
the  inner  side  of  the  base  of  each  short  stamen  are  two  green 
fleshy  honey-glands,  placed  close  together.  The  shorter  anthers 
have  their  dehiscent  sides  turned  towards  the  stigma,  which  stands 
high  above  them;  the  taller,  which  stand  at  first  on  a  level  with 
the  stigma,  but  are  afterwards  overtopped  by  it,  have  their 
dehiscent  sides  turned  towards  the  shorter  stamens,  so  that  the 
head  or  proboscis  of  an  insect  passing  down  towards  the  nectary, 
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must  touch  simultaneously  the  stigma  and  the  pollen-covered  faces 
of  three  anthers,  one  short  and  two  long.    If,  in  continued  bad 1 
weather,  the  flowers  do  not  open  fully,  self-fertilisation  is  effected 
by  the  longer  anthers,  as  in  N.  silvestre  (590,  L,  609). 

28.  Ahmoracia  amphibia,  Koch.  {Nasturtium  amphibium,  R. 
Br.).— The  structure  of  the  flower  resembles  that  of  Nasturtium 
silvestre. 

Visitors  :  A.  Hynienoptera—  Tmthredinidm  :  (1)  Tenthredo  notka,  KL,  very 
abundant,  passing  from  flower  to  flower  and  dipping  its  proboscis  down  to 
suck— head  and  thorax  richly  dusted  with  pollen.  B.  Diptera— (a)  Empidm  : 
(2)  Empis  livida,  L.,  s.  ;  (b)  Syi-phidce:  (3)  Rhingia rostrata,  L.,  s.  ;  (4)  Syritta 
pipiens,  L.,  s.  ;  (5)  Eristalis  arbustormn,  L.,  s. 

Arabis  alpina,  L.,  is  homogamous  (609). 

Arabis  bellidifolm,  Jacq.,  is  j)roterogynous,  with  long-lived 
stigmas  (609). 

29.  Arabis  hirsuta,  R.  Br.— The  arrangement  of  the  flowers 
differs  from  that  of  Nasturtium  silvestre  in  that  only  two  glands 
lying  internal  to  the  base  of  the  shorter  stamens  secrete  honey,  and 
that  in  most  flowers  the  longer  stamens  arch  over  the  stigma,  and 
shed  their  pollen  on  it,  if  it  is  not  removed  by  insect  visitors. 
Flowers  also  occur  in  which  the  anthers  of  the  longer  stamens  stand 
on  the  same  level  as  the  stigma,  and  shed  their  pollen  in  immediate 
contact  with  it. 

Visitors  :  A.  Hymenoptera — (a)  Sphegidm  :  (1)  Ammophila  sabulosa,  L.,  s.  ; 
(b)  Apidce  :  (2)  Apis  mellifica,  L.  $  ,  s. ;  (3)  Halictus  sexnotatus,  K.  $? ,  c.p.  ; 
(4)  Andrena  albicrus,  K.  $ ,  s.  B.  Lepidoptera — Bombyces :  (5)  Euprepia 
Jacoba;se,  L.,  s.    C.  Diptera — Syi-phidce  :  Syritta  pipiens,  L.,  s. 

30.  Cardamine  pratensis,  L. — This  species  differs  greatly  from 
the  preceding  forms  in  the  situation  of  its  honey,  in  the  position  of 
its  anthers,  in  the  conspicuousness  of  its  flowers,  and  hence  also  in 
the  number  of  its  visitors.  Two  large  honey-glands  surround  the 
bases  of  the  two  shorter  stamens  as  green  fleshy  cushions  which  are 
most  marked  at  the  outside  and  secrete  their  honey  at  that  point : 
two  smaller  honey-glands  occupy  the  position  of  the  two  aborted 
smaller  stamens,1  i.e.  they  are  placed  antero-posteriorly,  between  the 

1  Eichler's  view  of  the  floral  symmetry  and  number  of  the  parts  in  Crucifera  is 
different  from  that  advanced  here  by  the  author,  and  is  now  more  generally  adopted. 
He  regards  the  number  two  as  the  basis  of  the  floral  whorls,  and  looks  upon  the  four 
petals  and  the  four  inner  stamens  as  due  to  the  ohorisis  respectively  of  two  antero- 
posterior petals  and  stamens.  On  this  view  the  whorls  alternate  regularly  with  each 
other,  and  the  flower  is  symmetrical.    (Eichlcr,  BUUhcndiagrammc,  vol.  ii.) 
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pairs  of  long  stamens.  The  honey  secreted  by  these  four  glands 
accumulates  in  the  pouched  bases  of  the  sepals.  Since  the  calyx  in 
this  case  serves  to  hold  the  honey  it  is  more  persistent  than  in  most 
other  Crucifers,  and  the  sepals  are  unusually  large,  in  relation  to  the 
great  size  of  the  honey-glands ;  those  which  receive  the  honey  from 
the  lamer  glands  are  broader  and  more  swollen  at  the  base  than 
the  two  others,  so  that  one  may  tell  by  looking  at  the  calyx  from 
below  where  in  the  flowers  the  shorter  stamens  are  placed.  On 
tearing  off  the  sepals,  a  honey-gland  is  seen  between  the  claws  of 
each  pair  of  adjacent  petals. 

In  the  young  bud  all  the  six  anthers  are  turned  towards  the 
pistil,  which  projects  above  them.    Before  the  flower  opens,  the 


Fig.  32. — Cardamine  pratensis,  L. 

1.  — Flower,  from  above. 

2.  — Ditto,  in  side  view,  after  removal  of  the  two  anterior  petals. 

3.  — Essential  organs  and  nectaries  (n),  enlarged. 

four  inner  stamens  elongate  and  overtop  the  stigma,  and  make  a 
quarter  of  a  revolution  outwards,  each  one  towards  the  small 
stamen  nearest  to  it :  so  that  now  an  insect,  in  trying  to  reach  the 
honey  of  one  of  the  larger  glands,  must  rub  its  head  or  proboscis 
against  the  pollen-bearing  surface  of  one  of  the  taller  anthers. 

In  cold,  rainy  weather  flowers  are  often  found  in  which  the 
revolution  is  incomplete,  or  does  not  take  place  at  all,  and  in  such 
cases  the  pollen  of  the  longer  stamens  falls  of  itself  upon  the 
stigma.  The  shorter  stamens  always  remain  with  the  side  at  which 
they  dehisce  turned  inwards  towards  the  stigma,  so  that  the  pollen 
is  rubbed  off  by  the  head  or  proboscis  of  any  insect  which  is 
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making  for  the  smaller  honey-glands.  With  reference  to  the 
likelihood  of  cross-fertilisation  the  same  remarks  hold  good  as  in 
the  case  of  Nasturtium  silvestre.  In  many  flowers  the  shorter 
anthers  stand  lower  than  the  stigma,  in  others  on  a  level  with  it 
or  even  higher.  In  the  two  last  cases  they  may  aid  in  self- 
fertilisation. 

Cardamine  pratensis  surpasses  all  the  other  Crucifers  which  grow 
wild  near  Lippstadt  in  the  conspicuousness  of  its  flowers  and  the 
abundance  of  its  honey,  and  consequently  in  the  number  of  its 
insect  visitors. 

A.  Hymenoptera— Apidce :  (1)  Halictus  cylindricus,  F.  2 .  c.p.  ;  (2)  An- 
drena  dorsata,  K.  2,  s.;  (3)  A.'parvula,  K.  2  c?,  c.p.  and  s.  ;  (4)  A.  Gwynana, 
K.  2  ,  c.p.,  (once  it  flew  straight  from  the  Cardamine  to  a  short-styled  flower 
of  Primula  elatior  and  gathered  pollen  there  also)  ;  (5)  Nomada  lateralis, 
Pz.  2  ,  s. ;  (6)  N.  lineola,  Pz.  £ ,  a ;  (7)  Osmia  rivfa,  L.  $,  s. ;  (8)  Bombus  terrestris, 
L.  2,8.;  (9)  Apis  mellifica,  L.  $  ,  very  ab.,  c.p.  and  s.  B.  Diptera—  (a)  Bom- 
bylidm  :  (10)  Bombylius  major,  L.,  once,  hovering  over  the  flower  and  suck- 
ing,— it  passed  straight  from  the  Cardamine  to  Primula  elatior;  (11)  B. 
discolor,  Mgn.,  s.  ;  (b)  Empidce  :  (12)  Empis  opaca,  F.,  s.  ;  (c)  Sijrphidce  :  (13) 
Bhingia  rostrata,  L.,  f.p.  ;  (14)  Helophilus  pendulus,  L.,  s.  ;  (d)  Muscidat :  (15) 
Anthomyia  sp.,  f.p.  C.  Lepidoptera— (16)  Bhodocera  rhamni,  L.  ;  (17)  Pieris 
brassicae,  L.  ;  (18)  P.  napi,  L.  ;  (19)  Anthocharis  cardamines,  L.  D.  Coleop- 
tera— (a)  Nitidulidce :  (20)  Meligethes,  ab.,  l.h.  ;  (b)  Staphylinidm :  (21) 
Omalium  florale,  Pk.,  very  ab.  E.  Thysanoptera—  (22)  Thrips,  s.  and  f.p. 
See  also  590,  1. 

Cardamine  chcnopodifolia,  Pers.,  has  cleistogamic  flowers  which 
burrow  into  the  earth  (296). 

Cardamine  impatiens,  L.,  is  visited  by  Andrcna  albicans, 
K.  2  (590,  I-)- 

Barharea  vulgaris,  R.  Br. — Each  of  the  two  shorter  stamens  has 
on  either  side  of  its  base  a  small,  green,  fleshy  honey-gland  ;  a  some- 
what .  larger  honey-gland  is  placed  between  each  pair  of  longer 
stamens,  externally  to  their  bases,  in  the  position  of  the  two  short 
stamens  that  have  disappeared.  On  each  of  the  six  glands  a  colour- 
less drop  of  fluid  may  be  seen  in  fine  weather.  The  anthers  are 
placed  as  if  the  glands  between  the  longer  stamens  were  absent. 
The  taller  stamens,  which  overtop  the  stigma,  make  a  quarter  of  a 
revolution  towards  the  neighbouring  short  stamens  ;  this  movement 
begins  with  the  dehiscence  of  the  anthers  immediately  after  the  flower 
expands,  and  is  just  finished  when  the  anther  is  completely  covered 
on  one  side  with  pollen.  The  two  shorter  anthers,  which  are  on  a 
level  with  the  stigma,  remain  turned  towards  it  even  after  dehis- 
cence, so  that  the  position  of  the  anthers  is  the  same  as  in 
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Xtistwrtium  officinale,  though  the  number  of  glands  is  as  in  K 
silvestre  (590,  1.). 

31.  Draba  verna,  L.— Four  small,  green,  fleshy  honey-glands 
occur  in  each  flower,  each  being  situated  between  the  bases  of  a 
short  stamen  and  the  long  one  next  it ;  so  that  the  base  of  each 
short  stamen  stands  between  two  honey-glands.  Anthers  and 
stigma  ripen  together.  The  longer  stamens  reach  to  a  level  with 
the  stigma,  and  stand  close  around  it :  they  dehisce  on  those  sides 
which  are  turned  towards  the  stigma,  and  always  dust  it  with 
pollen  ;  the  shorter  stamens  also  turn  their  pollen-covered  surfaces 
towards  the  stigma,  but  stand  below  it.  Honey-seeking  insects 
must  thrust  their  proboscides  between  the  stigma  and  one  of  the 
shorter  stamens  into  the  base  of  the  flower,  and  so  dust  themselves 
with  pollen,  especially  from  the  shorter  stamens,  and  carry  it 
elsewhere.  Cross-fertilisation  is  chiefly  effected  with  pollen  from 
the  shorter  stamens,  while  the  four  longer  ones  regularly  effect  self- 
fertilisation.  Hildebrand  has  found  by  experiment  that  the  latter 
is  productive.  We  may  understand  the  extensive  use  that  this 
plant  makes  of  self-fertilisation  if  we  consider  how  small  and 
inconspicuous  the  flowers  are,  how  small  a  supply  of  pollen  or 
honey  they  can  yield,  and  how  few  insects  they  are  for  these  reasons 
visited  by.  I  have  only  observed  three  species  of  bees  on  Draba 
verna,  viz  : — 

(1)  Apis  mellifica,  L.  ? ,  c.p.  (April  10,  1868)  ;  (2)  Andrena  parvula,  K. 
? ,  s.  (March  28,  1869)  ;  (3)  Halictus  sp.  ? ,  s.  (March  28,  1869). 

Draba  aizoid.es,  L.,  is  proterogynous  with  persistent  stigmas  (609). 
Draba  Wahlenbergii,  Hartm.,  is  homogamous  (609). 

32.  Cochlearia  officinalis,  L. — Near  Niederalma,  I  saw  the 
following  insects  on  flowers  of  this  plant  (July  12,  1869)  :— 

t    A/o ^P^-W"^ .-  (1)  Eriatalis  tenax,  L.  ;  (2)  Helophilus  Horeus, 
)i  I  Mel.anostoma  mellhm,  L.,  ab.,  all  three  both  s.  and  c.p.    B.  Coleoptera 
—(4)  Letoma  aurata,  L.,  gnawing  the  parts  of  the  flower. 

Kcrnera  saxaiilis,  Rich.,  is  homogamous.  The  four  longer 
stamens  bend  laterally  almost  to  a  right  angle,  so  that  their  anthers 
come  to  he  quite  close  to  those  of  the  shorter  stamens  (609). 

Thlaspi  arvense,  L.,  is  homogamous.  The  shorter  stamens  are 
concerned  m  cross-fertilisation ;  the  longer,  in  case  of  need,  effect 
selt-lertilisation  (590,  11.). 
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'Prmglea  antiscorlutica,  Hook.,  grows  on  the  tempestuous  shores 
of  Kerguelen's  Island,  where  winged  insects  cannot  exist,  because  at 
every  flight  they  run  the  risk  of  being  drowned.  Under  these 
circumstances  the  plant  has  become  modified  for  fertilisation  by 
the  wind,  acquiring  exserted  anthers  and  long  filiform  stigmatic 
papilla.  It  still  retains  traces  of  its  descent  from  entomophilous 
ancestors  ;  for  while  on  the  great  part  of  the  island  it  is  devoid  ot 
petals,  it  occurs  abundantly  in  sheltered  places  with  petals.  On 
the  same  raceme  some  flowers  may  possess  only  a  single  petal, 
others  two,  three,  or  four ;  and  the  petals,  though  usually  of  a 
pale  greenish  colour,  are  occasionally  adorned  with  purple  (216, 
372). 


Fig.  83. — Kernera  saxalilis,  Rich. 

A.  — Flower,  viewed  from  above. 

B.  — Ditto,  from  the  side,  after  removal  of  two  petals  (x  7).    k,  short  stamens. 


33.  Teesdalia  nudicaulis,  R.  Br. — The  structure  of  this 
flower,  whose  longest  petals  are  only  two  mm.  long,  differs 
remarkably  from  our  other  native  Crucifers. 

During  the  period  of  flowering,  the  flowers  are  aggregated  into 
a  flat  surface,  whose  outermost  petals  are  larger  than  the  others,  as 
in  the  case  of  Umbellifers.  But  in  Teesdalia,  as  flowering  progresses, 
the  axis  lengthens  and  draws  out  the  flat  surface  into  a  raceme, 
so  that  each  flower  comes  to  stand  at  the  edge  in  its  turn.  So 
it  is  not  only  certain  flowers  that  stand  from  the  beginning  at 
the  edge,  which  have  the  corolla  specially  developed  on  the  outer 
side  (as  in  many  Uinbelliferw  and  Gompositce),  and  thus  become 
svmmetrical  about  a  single  axis  (zygomorphic)  ;  but  all  the  flowers 
have  their  outer  petals  specially  developed,  and  thus  acquire  a 
zygomorphic  symmetry. 

Each  flower  has  a  superior  (s),  an  inferior  (s),  and  two  lateral 
sepals  (s2),  which  help  to  render  the  flower  conspicuous  by  white 
tips  and  a  white  median  ridge ;  but  conspicuousness  is  chiefly 
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attained  through  the  white  colour  of  the  petals,  of  which  the 
flower  has  two  superolateral  ones  (p),  and  two  anterolateral  (p'), 
twice  or  three  times  as  long  as  the  former.  In  addition,  there 
are  petal-like  appendages  (y,  4,  x,  2,  3)  to  the  two  lateral  and 
shorter  stamens  (a),  and  others,  still  larger,  to  the  four  longer 
ones  («',  a~).  The  petal-like  appendages  of  these  four  inner 
stamens  closely  surround  the  ovary,  which  is  flattened  antero- 
posteriorly,  sharp-edged  on  each  side,  bent  slightly  forwards,  and 
divided  symmetrically  by  a  partition  wall. 

The  centre  of  the  base  of  each  petal  has  a  small  pouch,  and 
iust  above  this  each  staminal  protuberance  is  provided  with  a 
similar  structure ;  between  the  two  lies  a  little  drop  of  honey,  and 
concealed  beneath  this  is  a  small,  greenish,  fleshy  honey-gland. 
Both  the  petals  and  the  longer  stamens  can  be  torn  away  without 
injuring  or  removing  the  glands ;  which  seem  therefore  to  belong 
to  the  base  of  the  flower  (receptacle). 


Fig.  34 — Teesdalia  nudicaulis,  R.  Br. 

—Flower,  from  above. 
—Anterior  half  of  flower. 

-One  of  the  longer  stamens,  with  a  nectary,  seen  from  without 
-One  of  the  two  shorter  stamens,  from  without 
y,  foliar  appendages  of  filaments  ;  n,  nectary 


Before  the  flower  opens,  the  six  anthers  are  all  turned  towards 
the  stigma,  the  four  longer  ones  overtopping  it  slightly,  the  others 
standing  on  a  level  with  it.  After  the  flower  has  expanded  all 
six  stamens  twist  through  a  quarter  of  a  revolution ;  each  of' the 
longer  ones  turns  its  anther  towards  the  adjacent  shorter  one  ■ 
while  each  of  the  two  shorter  ones  turns  towards  the  outside 
of  the  flower.  Now  the  anthers  dehisce,  and  at  the  same  time 
the  stigma  becomes  mature.  Insects  in  reaching  the  two  outer 
honey-drops  cannot  avoid  touching  with  their  head  or  proboscis 
the  pollen-covered  sides  of  the  two  neighbouring  anthers;  while 
those  that  suck  the  inner  drops  only  come  in  contact  with  the 
pollen  of  a  single  anther.  Owing  to  the  small  size  of  the  flower 
the  insect  must  touch  the  stigma  at  the  same  time  with  another 
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part  of  its  proboscis  or  head.    As  we  have  seen  in  other  cases, 
this  must  regularly  lead  to  cross-fertilisation  if  the  insect  thrusts 
its  head  only  once  into  the  flower,  but  may  equally  well  produce 
self-fertilisation  if  it  does  so  more  than  once.     In  absence  of 
insects  self-fertilisation  is  always  accomplished  by  means  of  the 
longer  stamens. 

On  April  27  and  28,  1872,  I  and  my  son  Hermann  saw  the 
following  insects  visit  a  luxuriant  patch  of  Tcesdalia  in  sunny 
weather  : — 


A.  Hymenoptera — Apidce :  (1)  Sphecodes  epliippia,  L.,  sucking  on  thirteen 
inflorescences  successively.  B.  Coleoptera — (a)  Chrysomelidw :  (2)  Haltica 
nemorum,  L.,  three  specimens,  apparently  sucking  ;  (3)  Plectroscelis  dentipes, 

E.  H.,  one  specimen,  do.  ;  (4)  Cassida  nehulosa,  L.,  two  specimens  flew  on  to 
the  inflorescence  without  making  use  of  the  flowers ;  (b)  Curculionidce :  (5) 
Ceutorhynchus  pumilio,  Gylh.,  two  specimens,  s.  ;  (c)  Elateridce :  (6)  Limonius 
parvulus,  Pz.  ;  (d)  Hydrophilidw  :  (7)  Cercyon  anale,  Pk.  (these  last  two  beetles 
also  settled  on  the  flowers,  but  I  could  not  see  that  they  made  use  of  them  in  any 
way).    C.  Diptera— (a)  Syrphidce  :  (8)  Melithreptus  sp.  ;  (9)  Ascia  podagrica, 

F.  ,  both  f.p.  ;  (b)  Muscidce :  (10)  Sepsis  putris,  L.,  ab.,  s.  Also  many  minute 
Muscidte  and  gnats,  1  to  4  mm.  long. 


Biscutella  laevigata,  L.,  is  homogamous.  I  have  found  it 
visited  by  thirty-six  species  of  insects,  mostly  Diptera  (609). 

Sesperis  tristis,L. — This  plant,  by  elongation  and  close  approxi- 
mation of  the  sepals  and  the  claws  of  the  petals,  excludes  all 
insects  except  Lepidoptera  from  its  honey.  By  the  time  of  ex- 
panding and  emitting  its  perfume  it  has  become  adapted  for 
cross-fertilisation  by  crepuscular  and  nocturnal  forms  (570,  vol.  xii.). 

34.  Hespeeis  matkonalis,  L.— Honey  is  secreted  by  two 
very  large,  green,  fleshy  glands  surrounding  the  base  of  the  shorter 
stamens,  and  especially  developed  on  their  inner  sides ;  it  collects 
on  each  side  of  the  flower  between  the  pistil  and  the  bases  of 
the  three  stamens  of  that  side. 

The  taller  anthers  stand  at  the  entrance  of  the  flower,  and  only 
project  beyond  it  when  they  have  withered.  The  shorter  stand  a 
little  deeper  within  the  flower,  and  when  they  dehisce  their  tips 
closely  surround  the  stigma,  which  is  afterwards  protruded  beyond 
the  flower  by  the  lengthening  of  the  pistil.  All  the  anthers 
dehisce  inwards,  and  cover  the  stigma  with  pollen.  If  insect- 
visits  take  place  at  the  proper  time,  cross-fertilisation  is  also 
effected  :  regularly  by  the  honey-seeking  species,  for  they  touch 
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stigma  and  stamens  with  opposite  sides  of  the  proboscis,  and,  at 
least  sometimes,  by  pollen-seeking  forms. 

Visitors  :  A.  Diptera — (a)  Stratiomyidm :  (1)  Nemotelus  pantherinus,  L. 
f-P-  ;  ih)  Syrphidce :  (2)  Chrysogaster  acnea,  Mgn.  (Tekl.  B.),  f.p.  ;  (3)  Eris- 
talia  nemorum,  L.  ;  (4)  E.  tenax,  L.,  both  f.p.  ;  (5)  Volucella  pellucens,  L. 
(Tekl.  B.)  ;  (6)  Rhingia  rostrata,  s.,  very  ab.  B.  Hymenoptera — Apidas :  (7) 
Halictus  leucopus,  K.  ?  ;  (8)  Andrena  albicans,  K.  $  ;  (9)  Apis  mellifica,  L. 
$ ,  all  three  c.p.  C.  Lepidoptera — (10)  Pieris  brassicte,  L.,  s.  ;  (11)  P.  napi, 
L.,  s.  ;  (12)  P.  rapa3,  L.,  s.  D.  Coleoptera — (13)  Anthocomus  fasciatns,  L.  See 
also,  590,  11. 

35.  Alliaria  officinalis,  Andrzj.  (Sisymbrium  Alliaria, 
Scop). — The  honey-glands  agree  in  character  and  situation  with 
those  of  Cardamine  pratensis.  But  while  in  G.  pratensis  the  honey 
is  secreted  towards  the  outside,  and  collects  in  the  pouched  sepals, 
in  A.  officinalis  it  exudes  inwards  from  the  glands  at  the  base  of 
the  short  stamens,  and  forms  four  drops  in  the  base  of  the  flower. 
These  each  lie  between  a  short  stamen  and  the  adjacent  long 
one,  and  finally  fill  the  lower  part  of  the  space  between  the 
stamens  and  pistil,  to  which  parts  they  adhere  firmly.  I  have 
never  observed  secretion  on  the  part  of  those  glands  which  occupy 
the  position  of  the  two  aborted  short  stamens  ;  they  seem  to  be 
functionless  ancestral  structures.  The  sepals,  which  persist  as 
receptacles  for  the  honey  in  C.  pratensis,  are  in  A.  officinalis  only 
useful  in  the  bud,  as  a  protection  for  the  parts  within,  and  by 
contributing  by  their  white  colour  to  the  conspicuousness  of  the 
inflorescence ;  when  the  flower  expands  they  cease  to  be  of  use 
and  easily  drop  off. 

All  the  anthers  dehisce  inwards ;  the  inner  ones  surround  the 
stigma  so  closely  that  they  always  effect  self-fertilisation,  and 
this,  as  I  have  proved,  leads  to  the  production  of  good  seed. 
Cross-fertilisation  must,  as  in  the  foregoing  species,  be  effected 
very  frequently  by  honey-seeking  insects,  and  at  times  by  pollen- 
seeking  species ;  and  it  probably  then  outstrips  self-fertilisation  in 
its  action. 

Visitors:  A.  Hymenoptera—  Apidw  ;  (1)  Apis  mellifica,  L.  s.  B.  Dip- 
tera—(a)  Syrphidm :  (2)  Syrphus  decorus,  Mgn.  (Tekl.  B.)  ;  (3)  Rhingia 
rostrata,  L.,s.;  (b)  Muscidm  :  (4)  Anthomyia,  s.  C.  Coleoptera— (a)  Mtidulidw : 
(5)  Mehgethes,  ab.  ;  (6)  Epursea  ;  (fi)  CurcuUonidce :  (7)  Ceutorhynchus,  a 
minute  species.    See  also  590,  11. 


36.  Sisymbrium  officinale,  Scop.— The  structure  of  the 
flower  agrees  fairly  with  that  of  the  foregoing  species.    Each  of 
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the  two  shorter  stamens  has  on  either  side  of  its  base  a  honey- 
gland  ;  each  of  the  four  honey-drops  secreted  by  these  lies  in  the 
space  bounded  by  one  of  the  shorter  stamens,  the  adjacent  long 
one,  and  the  pistil.  The  anthers  ripen  along  with  the  stigma^ 
which  their  pollen-covered  sides  face;  the  taller  anthers  overtop 
the  stigma  and  arch  inwards,  the  shorter  stand  on  a  level 
with  it,  and  curve  slightly  outwards.  In  default  of  insect- 
visits  pollen  regularly  falls  upon  the  stigma  from  the  four  long 
stamens. 

The  flowers  are  very  small,  and  for  that  reason  insect-visits  are 
scarce.  The  honey,  however,  seems  to  be  particularly  liked  by  cer- 
tain insects.  On  June  27, 1868,  on  a  waste  patch  where  S.  officinale 
and  Gapsella  biorsa-pastoris  were  growing  abundantly  with  several 
other  plants,  I  noticed  Pieris  napi,  L.,  and  P.  rapce,  L.,  flying  about 
in  great  numbers,  and  sucking  the  flowers  of  this  plant  only.  The 
point  of  the  insect's  proboscis  is  thrust  in  between  the  stigma  and 
the  anthers.  I  also  saw  several  specimens  of  Andrena  dorsata, 
K.  $ ,  in  quest  of  pollen :  they  were  probably  as  likely  or  more 
likely  to  effect  self-fertilisation  than  cross-fertilisation. 

Visitors  :  A.  Hymenoptera — Apidm  :  (1)  Andrena  dorsata,  K.,  c.p.  and 
f.p.  B.  Lepidoptera — Rhopalocera :  (2)  Pieris  napi,  L.,  s.  ;  (3)  P.  rapae 
L.,  s.    See  also  590,  n. 

37.  Capsella  buksa-pastoris,  D.C. — The  only  difference 
to  be  noted  between  this  and  the  foregoing  is  that  the  long 
stamens  stand  on  a  level  with  the  stigma,  and  effect  self-fertilisa- 
tion regularly.  Specimens  which  I  kept  in  a  room  and  protected 
from  insects  were  fully  productive. 

Visitors  :  Diptera—  (a)  Syrphidm:  (1)  Eristalis  nemorum,  L.,  s.  and  f.p.  ; 
(2)  Syrphus  balteatus,  Deg.,  do.  ;  (3)  Syritta  pipiens,  L.  ;  (4)  Ascia  podagrica 
F.,  s.  ;  (5)  Melithreptus  scriptus,  L.  ;  (6)  M.  tseniatus,  Mgn.  ;  (7)  M.  pictus,  Mgn., 
the  last  three  s.  and  f.p.  ;  (b)  Muscidm  :  (8)  Anthomyia,  s.    See  also  590,  11. 

38.  Lepidium  sativum,  L. — The  flowers  are  inconspicuous, 
but  their  strong  scent  is  perceptible  even  to  us  several  paces  off. 
Owing  doubtless  to  this,  they  are  more  abundantly  visited  than 
any  other  Crucifer  which  I  have  observed,  partly  for  their  honey, 
partly  for  their  pollen.  The  honey  is  secreted  by  four  green, 
fleshy  glands,  situated  between  the  long  and  short  stamens,  and 
opposite  to  the  petals;  the  two  long  stamens  on  each  side  face 
the  broad  surface  of  the  silicula,  and  arise  close  together  between 
the  two  lateral  petals.    The  anthers  dehisce  introrsely,  and  the 
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stamens  undergo  no  twisting,  but  in  sunny  weather  they  bend 
backwards  as  far  as  the  nearly  upright  sepals  permit  them.  As 
to  the  likelihood  of  cross-  or  self-fertilisation,  the  same  holds  as 
in  the  case  of  Nasturtium  silvestre.  When  in  rainy  weather  the 
flowers  do  not  fully  open,  or  when  they  close  up  again  without 
being  visited  by  insects,  self-fertilisation  occurs. 

Visitors  :  A.  Diptera — (a)  Bomhylidce  :  (1)  Argyromceba  sinuata,  Fallen  ; 
(b)  Syrphidw  :  (2)  Eristalis  arbustoruni,  L.  ;  (3)  E.  neinorum,  L.  ;  (4)  E.  sepul- 
cralis,  L.  ;  (5)  Helopkilus  floreus,  L.  ;  (6)  Syritta  pipiens,  L.,  very  ab. ;  (7) 
Melitkreptus  toeniatus,  Mgn.  ;  (8)  Ascia  podagrica,  F.,  very  ab.  ;  (9)  Pipiza 
ekalybeata,  Mgn.,  all  these  Syrpkidte  now  s.,  now  f.p.  ;  (c)  Muscidcc  :  (10) 
Siphona  cristata,  F.  B.  Hymenoptera — (a)  Ichnettmonidce :  stragglers ;  (b) 
Sphegidw :  (11)  Oxybefus  bellus,  Dlb.,  ab.  ;  (12)  0.  uniglumis,  L.,  very  ab.  ; 
(13)  Cemonus  unicolor,  F.  ;  (14)  Cerceris  variabilis,  Scbrk.,  very  ab. ;  (c) 
UhrysidcB  :  (15)  Hedyclmuu  lucidulum,  F.  $  ;  (d)  Apidce :  (16)  Prosopis  com- 
munis, Nyl.  (J  ? ,  very  ab.,  s.  and  f.p. ;  (17)  P.  armillata,  Nyl.  <J  $  ,  do.  ;  (18) 
Halictus nitidiusculus,  K.  $,  s.  ;  (19)  H.  lucidubus,  Sckck.  J  ,  s. ;  (20)  Andrena 
parvula,  K.  ?  ;  (21)  A.  pilipes,  F.  <$ ,  s.  0.  Coleoptera—  (a)  Dermestidw  ;  (22) 
Antkrcnus  pnnpinella?,  F.  ;  (b)  Malacodermata  :  (23)  Dasytes  flavipes,  F.  ; 
(24)  Antkocomus  fasciatus,  F.  ;  (25)  Malackius  bipustulatus,  F.,  gnawing  tke 
anthers  and  petals.    D.  Lepidoptera—  (26)  Sesia  tipuliformis,  L.,  s.,  frequent. 

Hutchinsia  alpina,  R.  Br.,  is  proterogynous  with  persistent 
stigmas.    It  is  visited  and  cross-fertilised  by  Diptera  (609). 

39.  Brassica  oleracea,  L. — Two  honey-glands  lie  on  the 
inner  side  of  the  bases  of  the  two  short  stamens,  and  two  others 
occupy  the  position  of  the  aborted  pair,  i.e.  are  antero-posterior. 
The  honey-drops  secreted  by  the  two  former  distribute  themselves 
each  between  a  short  stamen,  the  two  adjacent  long  ones,  and  the 
pistil,  and  are  easily  visible  on  looking  straight  downwards  into 
an  open  flower;  the  drops  from  the  other  pair  of  glands  lie 
outside  between  the  two  adjacent  long  stamens,  and  these  drops 
increase  until  they  sometimes  reach  the  sepals.  The  two  shorter 
anthers  stand  sometimes  on  a  level  with  the  stigma,  usually 
however  they  are  not  so  high  j  they  curve  outwards,  but  their 
pollen-covered  sides  face  the  centre  of  the  flower.  The  lono- 
stamens  perforin  a  quarter-  or  half-revolution  without  increasing 
their  distance  from  the  centre  of  the  flower,  so  that  the  pollen- 
covered  sides  of  their  anthers  are  either  turned  towards  the 
neighbouring  short  stamen,  or  else  directly  outwards.  An  insect 
m  sucking  the  honey  at  the  base  of  a  short  stamen  touches  with 
one  side  of  its  head  or  proboscis  the  stigma,  and  with  the  other 
a  short  stamen  and  usually  a  long  one  at  the  same  time:  the 


1 1 2  THE  FERTILISATION  OF  FLO  WEES.        [pakt  hi. 

other  two  drops  of  honey  can  be  reached  without  touching  the 
stigma,  and  seem  to  afford  no  aid  in  fertilisation.  In  default 
of  insect-visits  the  upper  part  of  each  of  the  long  anthers  bends 
back  so  far  as  to  touch  the  stigma,  thus  effecting 'self-fertilisation. 

This  self-fertilisation  is  probably  efficient :  at  least  B.  rapa,  L., 
was  found  by  Hildebrand  to  produce  seed  when  self-fertilised  (3  51)! 
In  sunny  weather  I  have  always  found  the  honey  very  evident. 
Sachs,1  who  says  "the  dark -green  nectaries  lying  between  the 
stamens  of  JBrassica  retain  their  secretion  within  them,"  has 
probably  examined  the  flowers  in  dull  weather. 

Visitors  :  A.  Coleoptera— Nitidulida:  :  (1)  Meligetlies,  very  ab.,  feeding  on 
the  petals  and  on  pollen.  B.  Hymenoptera— Apidw  :  (2)  Andrena  nigrocenea, 
K.  $,  s.;  (3)  A  Gwynana,  K.  ? ,  s.  and  f.p.  ;  (4)  A.  fulvicrus,  K.  ?,  c.p.  \ 
(5)  A.  nana,  K.  $  ,  s.  and  f.p.  ;  (6)  Halictus  cylindricus,  K.  ?  ;  (7)  Apis  mellifica, 
L.  $ ,  s.  and  f.p.  (I  did  not  see  the  hive-bee  preserve  any  definite  order  in 
visiting  flowers  of  this  plant  ;  frequently  a  bee  after  visiting  a  second  flower 
returned  to  the  first).    C.  Thysanoptera— (8)  Thrips,  ab. 

40.  SiNAPis  AEVENSIS,  L.— The  honey-glands  are  placed  as 
in  Brassica.  When  the  calyx  expands,  the  glands  are  visible  and 
accessible  from  the  outside,  and  insects  can  reach  them  without 
touching  the  essential  organs  of  the  flower.  The  close  aggregation 
of  the  flowers  however  renders  it  more  convenient  for  the  insect 
to  thrust  its  proboscis  down  between  the  stamens,  and  in  point 
of  fact  I  have  never  seen  an  insect  visitor  obtain  the  honey  from 
the  outside.  The  twisting  of  the  stamens  and  the  likelihood  of 
cross -fertilisation  are  as  in  Cardamine  pratensis ;  as  the  flowers 
wither,  however,  the  anthers  turn  their  pollen-covered  sides  up- 
wards, and  finally  their  tips  bend  downwards,  so  that  they  effect 
self-fertilisation  if  their  pollen  has  not  already  been  removed. 

Visitors  :  A.  Diptera — Syrplridw  :  (1)  Eristalis  seneus,  Pz.  ;  (2)  E.  arbus- 
torum,  L.  ;  (3)  Rhingia  rostrata,  L.,  all  these  both  s.  and  f.p.  B.  Hymen- 
optera— (a)  Tenthredinidce  :  (4)  Cephus  spinipes,  Pz.,  and  several  small  sp. 
in  great  abundance,  l.h.  and  f.p.  ;  (b)  Apidce :  (5)  Halictus  leucozonius, 
Schrk.  ?,  c.p.  ;  (6)  Andrena  nana,  K.  s.;  (7)  Apis  mellifica,  L.  very 
ab.,  both  s.  and  c.p.  (I  found  it  collecting  pollen  on  Sinapis  on  Oct.  2,  1869). 
C.  Coleoptera — (8)  Coccinella  7punctata,  L.,  l.h.  D.  Lepidoptera— (9) 
Euclidia  glyphica,  L.,  s.    See  also  590,  11. 

A  variety  of  Sinapis  arvensis  bears  cleistogamic  flowers  at  St. 
Croix,  where  the  temperature  is  25°  C.  (762). 


1  Lchrbuch  dcr  Botanik,  2nd  vd.,  p.  110. 
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41.  Raphanus  raphanistrum,  L.,  has  four  honey-glands 
arranged  as  in  8.  arvensis,  but  all  the  anthers  remain  turned 
towards  the  stigma,  the  shorter  ones  standing  On  a  level  with  it,  so 
that  the  chance  of  self-fertilisation  is  increased. 

I  have  seen  the  honey-bee,  which  usually  confines  itself  to 
one  species  of  plant,  visit  flowers  of  B.  raphanistrum  and  S.  arvensis 
indiscriminately. 

Subularia  aquatica,  L. — When  the  water  is  unusually  high,  the 
flowers  remain  closed  and  submerged,  and  fertilise  themselves  (17, 
350- 


REVIEW  OF  THE  CRUCIFER^E. 

With  great  uniformity  in  the  general  structure  of  the  flower, 
Crucifers  show  such  variability  in  the  number  and  position  of 
the  honey-glands  and  in  the  situation  of  the  anthers  in  relation 
to  these  and  to  the  stigma,  that  scarcely  two  of  the  species  that  we 
have  discussed  agree  fully  in  these  points. 

The  number  of  honey-glands  may  be  two,  four,  or  six  ■  they 
are  placed  on  or  between  the  bases  of  the  stamens :  and  in  the 
former  case,  either  on  their  inner  side,  their  outer  side,  or  round 
about  them ;  intermediate  positions  are  sometimes  assumed  by 
abortive  and  functionless  glands.  The  honey  when  secreted  either 
remains  in  drops  upon  the  glands  or  fills  spaces  between  the 
stamens  and  pistil  or  accumulates  in  sepaline  pouches. 

All  or  certain  of  the  anthers  are  placed  so  that  honey-seeking 
insects  must  touch  them  with  one  side  and  the  stigma  with  the 
other ;  but  their  situation  is  not  always  the  most  favourable  for 
this  result,  and  the  more  they  diverge  from  the  position  most 
favourable  to  cross-fertilisation,  the  more  chance  do  they  give  of 
self-fertilisation. 

This  is  explained  by  the  following  circumstances. 

In  all  the  Cruciferce  which  we  have  considered,  the  position  of 
the  anthers  in  relation  to  the  honey-glands  and  the  stigma  renders 
cross-fertilisation  likely,  but  not  by  any  means  inevitable,  on  the 
visit  of  a  honey-seeking  insect;  but  it  does  not  in  anv  way  favour 
cross-fertilisation  more  than  self-fertilisation  if  the  insect  comes  to 
feed  on  or  gather  pollen.  The  abundance  as  well  as  the  diversity 
of  insect-visitors  is  not  great  in  the  species  we  have  considered ;  we 
And  chiefly  flies  (especially  Syrphidce),  bees  (especially  the  less 
specialised  forms),  and  in  less  degree  other  Hymenoptera  (espe- 
cially SphegvM),  Goleoptera,  and  Zepidoptera.    Hesperis  tristis  is 
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alone  adapted  for  nocturnal  insects,  and  Princjlca  has  become 
anemophilous  in  the  absence  of  insects  suitable  for  its  fertilisation. 
On  the  whole,  Crucifers  are  far  behind  Umbellifers  in  the  number 
and  variety  of  their  insect-visitors,  both  on  account  of  their  less 
conspicuous  flowers  and  their  less  accessible  honey ;  and  not  rarely 
plants  remain  altogether  unvisited.  The  possibility  of  self-fertilisa- 
tion is  useful  if  not  necessary  for  the  preservation  of  all  the  Crucifers 
that  we  have  considered ;  in  many  we  find  that  self-fertilisation 
takes  place  to  a  very  considerable  extent ;  and  in  several  we  have 
experimental  evidence  that  it  is  productive  of  seed.  Under  these 
circumstances  it  would  be  better  for  the  plant  to  forego  attaining 
in  its  anthers  the  most  favourable  position  possible  for  dusting 
honey-seeking  insects  with  pollen,  if  by  doing  so,  while  retaining 
the  chance  of  cross-fertilisation  if  insects  did  come,  it  could  fully 
insure  self-fertilisation  if  they  did  not. 

It  is  impossible,  therefore,  to  consider  with  Hildebrand  that  the 
twisting  of  the  stamens  in  Crucifers  is  "  a  remarkable  expression 
of  repugnance  to  self-fertilisation"  (351,  p.  48);  it  rather  refers 
solely,  as  Axell  rightly  explains,  to  the  dusting  of  insects  with  the 
pollen  on  their  way  to  the  honey  (17,  p.  19).  But  even  Axell's 
statement  needed  correction  and  completion,  since  he  only  acknow- 
ledged two  distinct  cases  in  the  arrangement  of  the  honey-glands 
and  the  twisting  of  the  stamens,  and  referred  all  Cruciferae  to 
one  or  other  of  these  two  types ;  and  further,  he  did  not  take  the 
position  of  the  anthers  into  account  as  an  aid  to  self-fertilisation. 

The  way  in  which  conspicuousness  is  attained  throughout  the 
Umbelliferse  by  association  of  many  flowers  in  one  surface,  and  by 
asymmetrical  development  of  florets  for  the  common  good,  is 
exemplified  only  in  isolated  genera  of  Cruciferse  {Tcesdalia,  R  Br., 
Ibcris,  L.) ;  and,  in  Teesdalia  at  least,  it  does  not  so  far  insure 
cross-fertilisation  that  self-fertilisation  may  be  dispensed  with. 

Oed.  CAPPARIDEJ1 

Capparis,  L.,  Cleome,  L.,  and  Polanisia,  Kafin.,  are  proterandrous, 
according  to  Delpino  (172,  352). 


Ord.  RESEDACEJl 

42.  Reseda  odorata,  L— The  receptacle  is  raised  up  between 
the  petals  and  stamens  in  the  upper  half  of  the  flower  into  a 
perpendicular  quadrangular  plate,  velvety  on  its  anterior  surface. 
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which  is  yellowish  during  the  time  of  flowering  and  orange-red 
afterwards.  It  serves  as  a  guide  towards  the  honey,  which  is 
secreted  and  lodged  upon  the  smooth  green  posterior  surface. 

The  expanded  claws  of  the  upper  and  middle  petals  lie  close 
to  the  hinder  surface  of  this  plate  and  surround  its  upper  and 


Fjo.  35.— Reuda  ociorata,  h. 

9  ~TmZB1^°I6  the  "nthers  have  dehisced,  seen  from  the  front 

2.  -Ditto  after  some  of  the  anthers  have  dehisced 

3.  —  X  oung  fruit  in  side  view. 

4.  — Left  superior  petal. 
6.— Left  lateral  ditto. 
C.  —Left  inferior  ditto. 

shield^  sVPeU&  of  (f^  InthlrWdoZt^  wMch  «» 

Ifc'tinl  Wi\their  anteri°r1^  directed  lobes,  thus  pro- 

v  ilS  mJTft,  ef ctually  both  from  rain  and  from  Use^s 

white,  radiating,  club-shaped  strips,  assist  the  red  anthers  in 

I  2 
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making  the  flower  conspicuous.  It  is  also  rendered  perceptible  at 
a  distance  by  its  powerful  scent. 

There  is  no  true  expansion  of  the  flower,  since  its  parts  lie  open 
even  in  the  bud  :  the  commencement  of  the  flowering -period  is 
marked  rather  by  the  honey-glands  beginning  to  secrete,  and  by 
some  of  the  anthers  (1,  Fig.  35),  which  had  been  bent  down  under 
the  pistil,  dehiscing  and  rising  up  towards  the  honey-secreting  plate, 
while  the  three  or  four  carpels  at  the  same  time  develop  stigmatic 
papillae  at  their  apices. 

Since  the  pistil  projects  considerably  from  the  middle  of  the 
horizontal  flower,  it  forms  the  most  convenient  landing-place  for 
honey-seeking  insects,  and  is  hence  very  readily  covered  with 
pollen  from  other  flowers.  In  default  of  insect-visits  self-fertilisa- 
tion takes  place,  as  the  stigmas  lie  immediately  underneath  the 
erect  anthers.  Plants  which  were  kept  protected  from  insects 
yielded  capsules  filled  with  good  seed. 

The  flowers  are  especially  visited  by  species  of  Prosopis.  In 
July,  1867,  I  had  some  pots  of  mignonette  in  flower  in  the  open 
window  of  my  room.  Specimens  of  Prosopis  kept  constantly 
coming  and  fluttering,  sometimes  five  or  six  together,  in  an  un- 
usually lively  way  about  the  flowers.  They  sometimes  plunged 
their  heads  between  the  shield-like  plate  and  the  upper  petals, 
licking  up  the  honey  with  outstretched  tongue,  and  sometimes 
gnawed  through  the  still  unopened  anthers  and  devoured  the 
pollen.  In  subsequent  years  I  have  repeatedly  observed  these 
actions  on  R.  odorata  and  R  luteola,  L.,  both  cultivated  and  wild. 
Altogether  I  have  noted  the  following  insects  as  visitors  of  our 
species  of  Reseda,  including  R.  odorata. 

A.  Hynienoptera—  (a)  Apidm:  (1)  Prosopis  communis,  Nyl.  ?  very 
ab.  ;  (2)  P.  armillata,  N.  ?  $  ;  (3)  P.  signata,  Pz.  ?  $,  ab. ;  (4)  P.  pictipes 
Nyl.  $  ;  (5)  P.  annularis,  Sm.  ?  ;  (6)  Apis  mellifica,  L.  $ ,  ab.,  s.  and  c.p. ; 
(7)  Halietus  zonulus,  Sm.  $  c.p.  ;  (8)  H.  Smeathmanellus,  K.  $  c.p. ;  (b)  Sphe- 
gidm  :  (9)  Cerceris  variabilis,  Scbrk.  ?£,«».  and  f.p.  B.  Bi^teva.— Syr phidoe  : 
(10)  Syritta  pipiens,  L.,  f.p.    C.  Thysanoptera— (11)  Tbrips,  very  ab. 

43.  Reseda  luteola,  L. : — 

Hymenoptera— Apidm :  (1)  Prosopis  armillata,  Nyl.  ?  $ ,  ab. ;  (2)  P. 
communis,  Nyl.  ?  $,  very  ab.,  s.  and  f.p.  ;  (3)  Apis  mellifica,  L.  t?  ,  s.  and  c.p.  ; 
(4)  Andrena  nigrosenea,  K.  ? ,  s.    See  also  590,  n. 

44.  Reseda  lutea,  L.  (Thuringia)  :— 

Hymenoptera— (a)  Sphegidce:  (1)  Cerceris  arenaria,  L„  scarce  ;  (2)  C 
labiate,  F.,  ab.  ;  (3)  0.  variabilis,  Scbrk,  very  ab.  ;  (b)  Vesptdm  :  (4) 
Odynerus  parietum,  L.  $ ,  all  sucking. 
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Ord.  CISTINEJS. 
45.  Helianthemum  vulgare,  L.  (Sauerland). — The  flower 
has  three  sepals,  five  petals  which  spread  out  to  face  the  sun,  and 
many  more  than  100  stamens  whose  anthers  mature  simultaneously 
with  the  large  capitate  stigma.  The  stigma  slightly  overtops  the 
anthers,  which  at  first  stand  close  around  the  centre  of  the  flower, 
but  move  outwards  when  touched,  dusting  the  insect  that  touches 
them  with  pollen.  The  result  of  this  irritability  of  the  stamens  is 
that  the  flower  is  most  conveniently  approached  from  the  outside, 
i  e.  from  the  corolla,  by  the  first  visitor,  and  at  least  as  conveniently 
from  the  centre  by  subsequent  visitors.  If  an  insect  which  has 
been  dusted  with  pollen  in  the  first  flower  alights  in  the  middle  of 
the  next,  it  always  effects  cross-fertilisation.  In  default  of  insect- 
visits,  self-fertilisation  results  in  the  closed  and  slightly  nodding 
flowers.  The  flower  contains  no  honey,  for  which  the  excess  of 
pollen  is  some  compensation. 

Visitors:  A.  Diptera — Syrphidas:  (1)  Helophilus  penclulus,  L.  ;  (2) 
Syrphus  pyrastri,  L.  ;  (3)  S.  ribesii,  L.  ;  (4)  Melithreptus  scriptus,  L.  ; 
(5)  M.  teeniatus,  Mgn.  ;  (6)  Ascia  poclagrica,  F.,  all  f.p.  B.  Hymenoptera — 
Apidce :  (7)  Apis  mellifica,  L.  $ ,  ab.  ;  (8)  Boinbus  muscorum,  L.  $  ;  (9)  Halictus 
villosulus,  K.  ?  ;  (10)  Andrena  fulvicrus,  K.  ? ,  all  c.p.  C.  Coleoptera—  Ceram- 
bycidce  :  (11)  Strangalia  nigra,  L.,  devouring  the  anthers. 

On  the  Alps  I  have  found  H.  vulgare  visited  by  fifty-three 
species  of  insects  ;  the  small-flowered  H.  alpestre  by  fourteen.  They 
were  mostly  Diptera,  Apidce,  and  Coleoptera,  but  in  part  also 
Lepidoptera  (609). 

Most  North  American  species  of  Helianthemum  produce,  in 
addition  to  the  ordinary  flowers,  much  more  numerous  cleistogamic 
ones.  The  same  occurs  in  the  case  of  H.  Kahiricum  and  H.Lippii 
in  Egypt  (531). 

The  flowers  of  H.  guttatum  only  open  in  the  morning  and 
close  after  a  few  hours,  fertilising  themselves  if  cross-fertilisation 
has  not  meanwhile  taken  place.    The  same  is  the  case  in  H.  vil- 
losum,  Thib,  R.  ledifolium,  L.,  Cistus  hirsutus,  L.,  and  0.  villous 
L.  (12). 

Lcchea,  L.,  also  bears  cleistogamic  flowers  (399). 

Ord.  VIOLARIEJE. 

46.  Viola  tricolor,  L.-The  peculiar  arrangement  of  Viola 
was  in  substance  elucidated  by  Sprengel.  Hildebrand  subsequently 
drew  attention  to  the  lip-like  valve  of  the  stigmatic  cavity,  by 
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which  cross-fertilisation  is  assisted  in  Viola  tricolor,  which  had  been 
overlooked  by  Sprengel.  I  have  observed  (No.  570)  that  this  lip, 
which  insures  cross-fertilisation,  is  only  developed  in  the  large- 
flowered  variegated  variety  of  V.  tricolor,  while  in  the  small- 
flowered,  whitish-yellow  variety,  V.  arvensis,  the  orifice  of  the 
stigma  is  devoid  of  a  lip  and  is  curved  inwards ;  in  this  form  the 
flower  fertilises  itself  spontaneously  very  soon  after  opening. 

In  all  our  violets  the  spurs  of  the  lower  anthers  act  as  honey- 
glands,  and  the  hollow  spur  of  the  lower  petal  which  contains 
them  forms  a  receptacle  for  the  honey.  To  reach  the  honey  in 
Viola  tricolor,  the  insect  must  thrust  its  proboscis  into  the  flower 
close  under  the  globular  head  of  the  stigma.  This  lies  in  the 
anterior  part  of  a  groove,  fringed  with  hairs,  on  the  inferior  petal. 
The  anthers,  which  together  form  a  cone,  shed  their  pollen  into 
this  groove,  either  of  themselves  or  when  the  pistil  is  shaken  by 
the  insertion  of  the  bee's  proboscis.  The  proboscis,  passing  down 
this  groove  to  the  spur,  becomes  dusted  with  pollen;  as  it  is 
drawn  back  it  presses  up  the  lip-like  valve  so  that  no  pollen  can 
enter  the  hollow  stigmatic  chamber;  but  as  it  enters  the  next 
flower  it  leaves  some  pollen  on  the  upper  surface  of  the  valve,  and 
thus  cross-fertilisation  is  effected. 

I  have  observed  very  numerous  bees  visiting  a  handsome, 
large-flowered  variety  which  is  not  uncommon  on  sandy  soil  at 
Lippstadt,  growing  along  with  V.  arvensis.  Apis  mcllifica,  L.  $, 
always  sucks  in  a  reversed  position  Avith  its  head  downwards  ; 
it  often  alights  in  the  usual  position  and  then  turns  round 
Humble-bees  usually  suck  hanging  back  downwards  to  the 
flowers,  which  are  bent  down  by  their  weight.  Bombits  tcrrcstris 
(7  to  9)  and  B.  lapidarius  (12  to  14)  usually  turn  round,  so  as  to 
introduce  their  proboscis  in  the  same  way  as  the  honey-bee. 
B.  hortorum  (18  to  21)  and  Anthophora  pilipes  (19  to  21)  grasp  the 
flower  from  behind  with  their  forefeet,  and  insert  their  tongues 
from  below  in  an  opposite  direction  to  the  honey-bee  (590,  II.). 

Anclrena  albicans,  K.  <?,  made  efforts  to  suck  honey,  thrusting 
its  proboscis  repeatedly  into  the  same  flower.  The  attempt  must 
have  been  fruitless,  as  the  proboscis  of  this  bee  is  only  2  to  2-|  mm. 
long,  while  the  pollen -collecting  groove  described  above  is  3  mm. 
long,  and  the  spur  extends  for  another  3  mm. ;  in  this  case,  the 
repeated  insertion  of  the  proboscis  into  the  same  flower  must  have 
led  to  self-fertilisation.  I  repeatedly  noticed  a  common  small  fly, 
Syritta  pipiens,  L.,  eating  pollen  in  the  groove  mid  on  the  anthers 
of  V.  tricolor;  as  it  often   touched  the  stigma  also  with  its 
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proboscis,  it  might  easily  accomplish  self-fertilisation.  Delpino 
saw  V.  tricolor  visited  by  Anthophora  pilipes.  Darwin  found  it 
visited  by  Bombus  sp.  and  Rhingia  rostrata. 

I  have  found  V.  tricolor,  var.  arvensis,  to  be  very  sparingly 
visited,  chiefly  by  bees  and  humble-bees,  more  rarely  by  Rhingia 
and  by  butterflies  (590,  II.). 

Viola  calcarata,  L.,  greatly  surpasses  V.  tricolor  in  the  size 
of  its  flower  and  the  length  of  its  spur  (13  to  25  mm.).  It  is 
fertilised  only  by  Lepidoptera,  chiefly  by  Macroglossa  stella- 
tarum  (25  to  28  mm.),  our.  quickest  worker.  I  have  seen  this 
insect  visit  194  flowers  on  different  plants  in  6|  minutes,  and  I 
could  see  it  cross-fertilise  them  by  means  of  the  tip  of  its  proboscis 
dusted  with  white  pollen  (609). 

Viola  cormcta,  according  to  Mr.  W.  E.  Hart  (308),  is  adapted 
for  fertilisation  by  nocturnal  Lepidoptera  by  its  long  spur  and  by 
emitting  its  perfume  most  powerfully  by  night.  He  found  it  visited 
by  humble-bees,  by  Hipparcliia  Janira,  and  by  Gucullia  umbratica. 

Viola  arcnaria,  D.C.,  is  visited  by  butterflies  (609). 

Viola  biflora,  L.,  is  adapted  for  fertilisation  by  Diptera  (609). 


47.  Viola  odorata,  L. — Here  the  end  of  the  pistil  which 
bears  the  stigma  is  not  globular  and  close  to  the  lower  petal,  but 
stands  at  a  short  distance  from  the  latter  and  is  bent  downwards 
into  a  hook.  When  a  honey-seeking  insect  thrusts  its  head  or 
proboscis  beneath  the  stigma  it  pushes  up  the  pistil  and  opens 
the  conical  ring  of  anthers;  the  pollen  is  thus  shed  upon  the 
inserted  organ.  Thus  in  every  flower  the  insect  touches  first  the 
stigma  and  then  causes  shedding  of  the  pollen. 

Sprengel's  experiments  led  him  to  the  conclusion  that  if  insects 
are  excluded  the  flowers  bear  no  seed. 

Visitors  :  A.  Hymcnoptera— Apidai :  (1)  Apis  inellifica,  L.  $ ,  very  ab., 
8.  (as  Sprengel  described  and  figured  (title-page  xi.)  it  comes  downwards  and 
inserts  its  proboscis  into  the  flower  from  above)  ;  (2)  Antliopbora  pilipes, 
F.  ^ ,  sucks,  clinging  to  the  lower  petal  —  the  following  species  do  likewise  ; 
(3)  Bombus  hortorum,  L.  $  ;  (4)  B.  lapidarius,  L.  ?  ;  (5)  B.  Rajellus,  111.  ?  ; 
(6)  Osmia  rufa.  L.  $  $ ,  very  ab.,  also  enters  the  flower  from  above  as  a  rule. 
B.  Diptera— Bombylida :  (7)  Bombylius  discolor,  Mgn.,  s.  C.  Lepidoptera— 
(8)  Vanessa  urtica3,  L.,  s.  ;  (9)  Rhodocera  rhamni,  L.,  s. 

48.  Viola  silvatka,  Fries.  (V.  silvestris,  Lam.).— The  spur  is 
7  mm.  long  ;  the  honey-secreting  appendages  to  the  inferior  anthers 
which  project  into  it  are  5  mm.. long.    As  in  V.  tricolor,  the  cavity 
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Fio.  36. — Viola  calcarata,  L. 

A.  — Front  view  of  flower,  from  Piz  Umbrail,  nat.  size. 

B.  - Ditto,  lateral  view  (July  16,  1875). 

C.  — Front  view  of  flower,  from  Albula,  nat.  size. 
D  —Lip  of  ditto,  with  its  spur  (August  2,  1876). 
E  —Front  view  of  the  mouth  in  A  ( X  3 J). 

F  —Section  of  A,  after  removal  of  the  greater  part  of  tho  corolla  ( x  Si) 

a.  anthers  ;  c.  appendages  of  the  connectives  ;  h',  pollen-collecting  hairs  ;  A2,  hairs  which  in 
species  of  Viola  fertilised  by  bees  aid  the  bee  in  clinging  to  the  flower,  here  preserved  as  a  function- 
1(!hs  hereditary  character  ;  fc,  stigma ;  I.  lip  on  tho  under  side  of  tho  entrance  to  the  cavity  of  the 
silgina  [It);  id,  homy  receptacle  ;  fi,  filaments  ;  ov,  ovary. 


pabt  in.]        THE  MECHANISMS  OF  FLOWERS.  121 

of  the  stigma  is  protected  by  a  lip-shaped  valve ;  but  the  pollen 
is  shed  directly  upon  the  insect's  proboscis  or  head,  as  in  V.  odorata. 

Visitors:  A.  Hymenoptera— Apidm :  (1)  Bombus  agrorum,  F.,  $,s.  B. 
Diptera— Bombylidce :  (2)  Bombylius  discolor,  Mgn.  s.    C.  Lepidoptera— 

(3)  Antbocharis  cardaniines,  L.,  s.  ;  (4)  Pieris  brassicse,  L.  ;  (5)  P.  napi,  L.,  s.  ; 
(6)  P.  rapse,  L.,  s.  ;  (7)  PJiodocera  rbamni,  L.,  s. 

49.  Viola  canina,  L. : — 

Visitors:  A.  Hymenoptera — Apidce :  (1)  Bombus  lapidarius,  L.  ?,s. ; 
(2)  Osmia  rufa,  L.  $ ,  s.  ;  (3)  0.  fusca,  Chr.  ? ,  s.    B.  Diptera — Bovibylidca  : 

(4)  Bombylius  major,  L.,  s.  C.  Lepidoptera — Rhopalocera :  (5)  Pieris  rapaj, 
L.,  s.  ;  (6)  P.  napi,  L.,  s. 

Cleistogamic  flowers  have  been  observed  in  many  Violariece  :  in 
V.  mirabilis,  L.,  by  Dillenius ;  in  V.  pinnata,  L.,  and  V.  montana, 
L.,  by  Linnaeus ;  in  V.  elatior,  Fr.,  V.  pumila,  var.  lancifolia,  Thor. ; 
V.  odorata,  L.,  and  V.  canina,  L.,  by  Daniel  Miiller ;  in  Ionidium, 
Vent.,  by  Bernouilli.  I  can  add  V.  bicolor1  to  this  list.  In  the 
summer  of  1859,  I  gathered  some  plauts  of  this  species  at 
Ramsbeck  Waterfall,  and  placed  them  in  a  plate  with  water  under 
the  shadow  of  a  bush  in  my  garden,  to  let  the  flowers  expand  ;  the 
plants,  which  I  watched  daily,  grew  well,  and  though  no  flowers 
opened  I  obtained  plenty  of  capsules  with  good  seed.  Cleistogamic 
flowers  have  been  seen  by  Mr.  T.  H.  Corry  in  V.  silvatica,  Fries., 
and  in  V.  stagnina,  Kit. ;  they  are  rare  in  the  latter.  Bennett  has 
observed  cleistogamic  flowers  in  Viola  cucullata,  Ait.,  V.  silvatica, 
V.  fioribtmda,  and  V.  sagittata,  Ait.  (79). 


EVOLUTION  OF  COLOUK  IN  VIOLETS. 

Various  facts  show  that  the  flowers  of  the  Violet  were  originally 
yellow. 

The  smallest,  most  short-spurred  of  our  Violas  is  V.  biflora, 
which  is  visited  by  Diptera,  and  only  exceptionally  by  short-lipped 
bees;  its  flowers  are  yellow.  The  smallest-flowered  form  of 
V.  tricolor  (var.  arvensis)  has  whitish-yellow  flowers.  The  large- 
flowered  V.  tricolor,  var.  alpestris,  shows  all  stages  in  the  passage 
from  yellow  flowers  to  blue  ;  many  plants  have  flowers  which  are 
yellow  throughout,  in  others  the  flowers  are  yellow  when  they 

ArZ^Fl^.^  i8  a  f0rm  °f  V-  *****  ™-  "—-.-Asa  Gray,  North 
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open,  but  change  gradually  to  blue,  and  in  others  the  change  to 
blue  occurs  immediately  after  opening,  or  even  before. 

The  most  specialised  form,  V.  calcarata,  is  almost  always  blue, 
but  occasionally  it  reverts  to  the  ancestral  yellow  colour  (609). 

Okd.  POLYGALEjE. 

50.  Polygala  comosa,  Schk.— The  structure  of  the  flower 
of  P.  vulgaris,  which  agrees  in  all  essential  points  with  that  of 
P.  comosa,  here  figured,  was  first  explained  by  Hildebrand  (352). 

The  two  lateral  sepals  (alai),  which  are  large  and  coloured, 
render  the  flower  conspicuous.    The  inferior  petal  (tf)  is  furnished 


Fig.  37. — Pohjyala  omosa,  Schk. 

1.  — Flower  in  side  view  (the  flower  should  naturally  be  horizontall.  s.  sepal ;  p,  petal ;  one  of 
the  two  lateral  sepals  which  play  the  part  of  a  corolla;  p',  anterior  petal,  provided  with  digitate 
appendages,  to  which  the  insect  clings. 

2.  — Flower,  from  below. 

3.  — Anterior  petal,  with  the  essential  organs  inclosed  in  it,  from  above,  a,  anthers  ;  s,  stigma, 
which  applies  sticky  matter  to  the  insect's  proboscis  passing  over  it ;  I,  spoon-shaped  end  of  the 
style,  which  receives  the  pollen-issuing  from  the  anthers. 

4.  — Pistil,  from  above. 

ii. — Ditto,  seen  obliquely  from  above. 
<5. — Ditto,  in  side  view. 

7.  — Anterior  petal  of  a  (lower  just  about  to  expand,  split  to  show  the  anther  inclosed  by  it. 

8.  — The  united  anthers. 

9.  — An  anther  dehisced,   po,  pollen-grains. 


at  its  apex  with  finger-like  processes,  which  support  the  bee  wlu'ii 
it  alights.  On  the  upper  surface  of  this  petal  is  a  pouch  with  two 
valves,  inclosing  the  essential  organs ;  in  it  lies  the  spoon-shaped 
style  with  its  concavity  upwards,  and  in  this  the  anthers  on  both 
sides  lie  and  shed  their  pollen;  close  behind  its  hollow  extremity 
the  style  bears  a  viscid  stigmatic  lobe,  bent  sharply  downwards. 
An  insect  whicli  tries  to  reach  the  honey  secreted;  in  the." base 
of  the  flower  must,  while  clinging  to  the  fimbriate  processes 


part  iu.  |        THE  MECHANISMS  Ob'  FLOWERS.  L33 

of  the  lower  petal,  thrust  its  proboscis  between  the  two  valves  of 
the  pouch,  and  thus  come  iu  contact  both  with  the  pollen  and  with 
the  viscid  stigma  ;  the  proboscis  being  thus  rendered  adhesive 
carries  some  pollen  with  it  out  of  the  flower,  and  when  it  is  drawn 
out  of  the  next  flower  in  a  similar  manner  it  leaves  some  of  this 
pollen  either  caught  by  the  stigmatic  hook  or  adherent  to  the 
papillae  Thus  cross-fertilisation  goes  on  regularly.  In  default 
of  insect-visits  the  stigmatic  lobe  curves  over  upon  the  pollen 
accumulated  in  the  "  spoon,"  and  is  thus  self-fertilised. 

On  the  Alps  P.  comosa  is  visited  by  Lepidoptera,  but  in  Low 
Germany  chiefly  by  bees  (590,  11. ;  609). 

Polygala  alpeslris,  Rchb.,  is  visited  by  butterflies  (609). 

51.  POLYGALA  VULGARIS,  L.  I  — 

Visitors:  A.  Hymenoptera — Apidcc :  (1)  Bombus  terrestris,  L;  5  >  s->  very 
frequent ;  (2)  B.  lapidarius,  L.  Q  ,  s.  ;  (3)  Apis  mellifica,  L.  ,s.  B.  Lepid- 
optera— (4)  Polyonimatus  Eurydice,  Bott.  (Chryseis,  W.  V.),  s.  See  also  No. 
590, 11. 

Polygcda  Chamccbioxus,  L. — The  pollen  is  stored  in  a  cup  at 
the  end  of  the  style,  beside  which  is  the  sticky  stigma-disc 
(360). 

The  mechanism  of  fertilisation  shows  a  certain  resemblance  to 
that  of  Papilionacese.  In  both,  the  stamens  and  style  lie  in  the 
inferior  part  of  a  tubular  horizontal  flower,  at  the  end  of  which 
they  bend  upwards,  and  bear  the  anthers  and  stigma.  Those  parts 
lying  in  the  anterior  part  of  the  flower  are  in  both  sheltered  by  a 
carina  formed  of  coherent  petals,  and  emerge,  or  at  least  permit 
the  stigma  and  pollen  to  emerge,  when  the  carina  is  pressed  down, 
as  it  is  by  every  insect  which  obtains  the  honey  in  the  legitimate 
manner. 

In  Polygala  Chamcebuxus,  as  in  Lotus  and  several  other  Papil- 
ionacecc,  it  is  not  the  anthers  themselves  that  emerge  when  the 
carina  is  depressed,  but  only  part  of  the  pollen  which  escapes ; 
and  after  repeated  depressions  the  stigma  also  emerges,  and 
cross-fertilisation  is  thus  insured.  A  full  description  of  this 
interesting  flower  is  given  in  my  book  Die  Alpenbumcn. 

Polygala  myrtifolia,  L.,  has  also,  according  to  Delpino,  a  floral 
arrangement  comparable  to  that  of  Papilionaceas.  The  two  upper 
petals  represent  the  vexillum  ;  the  lower  one  represents  the  carina, 
and  like  it  surrounds  the  reproductive  organs  and  allows  them  to 
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protrude  on  being  pressed  down  by  the  weight  of  an  insect  : 
serrate  processes  on  the  lower  petal  supply  the  place  of  alae.  The 
stamens  cohere,  forming  a  tube  incomplete  superiorly,  where  a 
longitudinal  split  admits  the  insect's  proboscis  to  the' nectaries 


Fig.  38. — Poly  gala  Chamaibuxns,  L. 


A.  — Flower,  from  the  side,  natural  size. 

B.  — Ditto,  front  view  (  x  2£). 

C.  — Flower,  after  removal  of  the  two  alar  sepals. 
D  —Ditto,  from  above. 

B. — Ditto,  from  below  (x  3). 

■p.  The  two  petals  of  the  left  side,  separated  from  the  Inferior  petal  to  which  they  naturally 

cohere  ;  inner  view  ( x         j>3,  superior  petal ;  p2,  lateral  ditto,  to  which  the  filaments  adhere. 

G.  — Bud  in  section  after  removal  of  the  calyx  (x  5^). 

H.  — Full-grown  flower  in  section  (x  5.J). 

J.— Base  of  flower,  from  the  front,  after  removal  of  the  superior  sepal  (x  7).  «',  superior,  «2, 
lateral,  s3,  inferior  sepals ;  p'.  inferior  petal ;  p2,  lateral  ditto,  completely  united  with  p3,  superior 
ditto.  The  anterior  part  of  the  inferior  petal  serves  as  a  carina,  and  rotates  by  means  of  a  hinge, 
x,  upon  the  posterior  part ;  b,  cup  at  end  of  style  ;  e,  entrance  of  the  flower ;  kl,  adhesive  matter 
on  the  stigma. 


surrounding  the  base  of  the  column.    The  flowers  have  the  same 
want  of  symmetry  as  those  of  Lathyms  and  Phaseolus,  and  are 
fertilised  in  the  same  way  by  Xylocopa  violacca  (178,  360). 
Polygala  has  cleistogamic  flowers,  according  to  Kuhn  (399). 
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Obd.  CARYOPHYLLEjE ;  a.  S1LENEJE. 

52.  DlANTHUS  deltoides,  L. — The  stamens  and  petals  spring 
from  an  annular  ridge  of  the  receptacle  encircling  the  stalk  of  the 
ovary.  This  ridge  bears  on  its  inner  border  a  yellow  fleshy  cushion 
which  secretes  honey. 

The  pistil,  the  stamens,  and  the  claws  of  the  petals,  which  are 
grooved  to  inclose  the  five  inner  stamens,  are  all  closely  surrounded 
by  the  tube  of  the  calyx,  which  is  12  to  14  mm.  long,  and  a 
little  over  2  mm.  wide.    A  very  narrow  passage  is  thus  left, 


Fia.  39. — Dianllms  delloides,  L. 

1.  — Flower  in  first  stage,  viewed  from  above.  Five  anthers,  covered  with  pollen,  protrude  from 
the  flower;  two  that  have  not  yet  dehisced  are  visible  in  the  mouth  of  the  tube. 

2.  — Pistil  at  close  of  the  first  stage,  after  all  the  ten  anthers  have  dehisced.  The  two  styles  are 
still  twisted  together. 

3.  -  Ditto,  with  the  bnse  of  the  petals  and  stamens,  more  magnified,  a,  nectary,  surrounding  the 
base  of  the  ovary  as  a  fleshy  ridge  ;  b,  filaments  ;  c,  petals. 

4.  — Flower  in  second  stage,  after  removal  of  the  petals.  Most  of  the  anthers  have  fallen  off. 
it.  stigma. 

5.  — Pistil  in  second  stage.  The  two  styles  have  separated,  but  each  retains  its  spiral  twist,  so 
that  8tigmatic  papillse  are  turned  towards  ail  sides. 


12  to  14  mm.  long,  leading  to  the  honey,  which  is  lodged  between 
the  base  of  the  stamens  and  the  ovary.  This  passage  is,  in  the 
first  state  of  the  flower,  so  much  blocked  by  the  five  inner 
anthers,  that  the  honey  is  only  accessible  to  the  proboscis  of 
Lepidoptera.  The  flowers  are  thus  specially  adapted  for  butter- 
flies; but  their  protruding  anthers  are  taken  advantage  of  by 
pollen-seeking  insects  which  act  as  subsidiary  fertilisers. 

Flowering  begins  by  the  petals,  hitherto  erect  and  involute, 
spreading  out  horizontally;  they  are  rose-red,  with  slightly  in- 
dented purple  transverse  lines  near  the  base,  and  spreckled 
externally  to  these  transverse  lines  with  small  white  spots,  each 
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of  which  bears  an  upright  hair.  The  limb  of  the  corolla  forms 
a  rosy  circle,  finely  notched  at  its  circumference,  indented  by  five 
deep  incisions,  and  with  its  white  centre  surrounded  by  a  purple 
ring,  outside  which  are  scattered  white  spots  (Fig.  39,  1).  As  soon 
as  the  flower  has  expanded  and  thus  made  itself  attractive  to  the 
eminently  colour-loving  butterflies,  the  stamens,  with  their  anthers 
coated  all  round  with  pollen,  elongate  and  protrude  one  after 
another  in  rather  quick  succession  from  the  narrow  tube,  so  that 
eveiy  butterfly  which  inserts  its  proboscis  must  dust  at  least  its 
head  with  pollen.  The  five  inner  stamens  still  remain  in  the  tube, 
rendering  it  too  narrow  for  anything  save  the  butterfly's  proboscis! 
As  the  outer  stamens  wither,  the  five  inner  ones  protrude  in  succes- 
sion ;  but  the  two  styles  still  lie  twisted  together  within  the  tube 
(Fig.  39,  2  and  3).  Only  after  the  stamens  have  withered,  and 
have  for  the  most  part  lost  their  anthers,  do  the  styles  elongate 
and  allow  the  stigmas  to  emerge  from  the  flower;  the  stigmas  now 
spread  apart,  still  retaining  their  spiral  twist,  so  that  from  which- 
ever side  a  butterfly  comes  to  suck  honey  it  cannot  fail  to  touch 
some  part  of  the  stigmatic  papillae  with  its  head. 

Pollen-seeking  insects,  if  they  only  resort  to  young  flowers 
whose  anthers  still  have  pollen,  cannot  act  as  fertilisers  ;  but  they 
may  do  so  if  they  alight,  as  flies  often  do,  upon  older  flowers  with 
mature  stigmas,  in  which  case  they  fly  away  again  disappointed. 

Self-fertilisation  is  completely  prevented  by  the  well-marked 
dichogamy. 

As  normal  fertilisers  of  Dianthus  deltoiths,  I  have  only  observed 
Pieris  rapce,  L.,  and  Satyrus  Janira,  L.,  but  these  I  have  noted 
repeatedly.  Several  Syrphidco,  viz.,  Rhingia  rostrata,  L.,  Meli- 
threptus  scriptus,  L.,  M.  pictus,  Mgu.,  and  Helophilus  pcndidus,  L., 
resort  to  the  flower  for  the  sake  of  pollen.  I  once  noticed  Rhingia 
rostrata  make  a  vain  attempt  to  reach  the  honey ;  it  plunged  its 
proboscis  with  a  great  effort  into  four  flowers  successively,  but 
as  its  proboscis  is  only  11mm.  long  it  never  reached  the  honey; 
in  a  short  time  it  resigned  the  attempt,  and  betook  itself  to  eating 
pollen. 

53.  Dianthus  carthusianorum,  L.,  has  the  same  floral  mech- 
anism as  the  preceding  species.  In  Thuringia  I  have  observed 
numerous  visitors  upon  its  flowers,  consisting  almost  solely  of 
Lepidoptera. 

(a.)  Rhopalocera :  (1)  Colias  hyale,  L,  frequent;  (2)  EliodDtcra  rhanmi, 
L.,  very  alj.  ;  (3)  Polyonrtnatus  Phlceas,  L.  ;  (4)  He&nerwi,  frequfenl  ; 
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Sphinges  :  (5)  Macroglossa  stellataruin,  L.  ;  (6)  Zygama  camiolica,  Scop.  ; 
(c)  Noctum :  (7)  Plusia  gamma,  L.,  ab. — The  only  other  insect  that  I  have 
found  on  the  flowers  was  a  small  ITulictus,  c.p.  (Sept.  1871).  See  also  No. 
590, 11. 

54.  Dianthus  chinensis,  L.— I  have  seen  flowers  in  my 
garden  repeatedly  visited  by  Noctuse :  (1)  Plusia  gamma,  L.  ■ 
(2)  Agrotis  pronuba,  L. ;  and  (3)  Brotolamia  meticulosa,  L. 

Species  of  Dianthus  which  I  have  observed  on  the  Alps 
(D.  stvperbus,  L.,  D.  silvestris,  Wulf.,  and  D.  atrorubens,  AIL),  are, 
like  the  three  preceding  species,  distinctly  proterandrous,  and 
visited  by  diurnal  Lepidoptera  (609). 

As  in  the  proterandrous  Alsineae,  gynodicecism  seems  to  be 
widespread  in  the  genus  Dianthus.    It  occurs  in  D.  superbus, 


Fig.  iO.  —  Gypsophilapaniculata,  L. 
1  —Flower  in.  first  (male)  stage,  2  Ditto  in  second  (female)  stage. 


D.  carthusianorum,  and  D.  deltoides,  and  the  last  of  these  shows 
all  gradatmns  between  hermaphrodite,  gynomoncecious,  and  gyno- 
dicecious  flowers  (607). 

55.  Gypsophila  paniculata,  L.-Although  the  corolla,  when 
fully  expanded,  is  barely  4  to  5  mm.  in  diameter,  the  many 
hundreds  of  flowers  borne  at  once  by  a  single  plant,  and  the 
abundant  and  easily  accessible  honey  and  pollen,  attract  numerous 
insects.    The  power  of  self-fertilisation  has  been  entirely  lost 

Ihe  honey  lies  between  the  ovary  and  a  green  fleshy  ring  at 
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insects.    First  the  five  outer  stamens,  which'  alternate  with  the 
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petals,  and  afterwards  the  inner  five,  ripen  and  protrude  from 
the  flower  with  an  inclination  outwards.  They  wither,  curving 
outwards  and  downwards,  and  then  the  two  short  styles'  hitherto 
bent  inwards,  elongate  and  protrude  from  the  flower,  diverging 
from  one  another. 

Visitors  :  A.  Diptera— (a)  Tabanidce :  (1)  Chrysops  ccecutiens,  L ,  s.  ; 
(b)  Syiphidcc :  (2)  Eristalis  aeneus,  L.  ;  (3)  E.  nemornm,  L.  ;  (4)  E.  arbus- 
torum,  L.,  all  three  ab.,  s.  and  f.p.  ;  (5)  Syritta  pipiens,  L.,  very  ab.  ; 
(6)  Ascia  podagrica,  F.  ;  (7)  Syrphus  balteatus,  Deg.  ;  (8)  Melithreptus 
pictus,  Mgn.  ;  (9)  M.  tamiatns,  Mgn.,  all  s.  or  f.p.  ;  (c)  Muscidce :  (10)  Pyrellia 
cadaverina,  L.  ;  (11)  Onesia  floralis,  Kob.  Desv.  ;  (12)  Sarcopbaga  carnaria, 
L.  ;  (13)  Lucilia  silvarum,  Mgn.,  all  s.  ;  (14)  Anthomyia  sp.  ;  (15)  Sepsis. 
B.  Hymenoptera—  (a)  Evanndce :  (16)  Foenus  jaculator,  F.  ;  (b)  Formicidce  : 
(17)  several  species  ;  (c)  Sphegidce :  (18)  Oxybelus  uniglumis,  L.  ;  (d)  Vespidce  : 
(19)  Odynerus  simplex,  F.  ;  (20)  0.  parietum,  L.,— all  the  Hymenoptera  s. 

Gypsopliila  repens,  L.,  when  flowering  on  sunny  slopes  of  the 
Alps  where  insects  are  plentiful,  is  so  distinctly  proterandrous 
that  spontaneous  self-fertilisation  is  impossible.  In  less  favourable 
localities  it  fertilises  itself  when  not  visited  by  insects  (609). 

Saponaria  ocymoides,  L.,  is  distinctly  proterandrous,  and  is 
frequented  by  butterflies.  It  clothes  sunny  gravelly  slopes  in 
the  sub-alpine  region  with  its  handsome  red  flowers.  I  saw  it 
visited  by  thirty-three  species  of  Lepidoptera,  twenty-eight  of 
which  were  butterflies,  besides  some  humble-bees  and  Bonxbylidm. 

Saponaria  vaccaria,  L.,  is  also  fertilised  by  butterflies  (590,  it.). 

56.  Saponaria  officinalis,  L. — This  species  is  adapted  for 
nocturnal  Lepidoptera,  as  the  foregoing  species  of  Saponaria  and 
Diantlms  are  for  the  diurnal  forms.  The  bright  colour  and  elegant 
markings  which  attract  butterflies  are  absent :  the  flowers  are  of 
one  colour,  and  their  scent  is  strongest  in  the  evening.  As  in  the 
other  species,  the  honey  lies  hidden  in  the  base  of  a  long  narrow 
tube.  The  calyx-tube  is  18  to  21mm.  long,  but  the  claws  of  the 
petals  stand  a  few  millimetres  higher.  The  flowers  are  markedly 
proterandrous.  First,  the  five  outer  stamens  protrude  a  few  milli- 
metres from  the  flower,  and  dehisce  immediately  over  its  entrance ; 
afterwards  they  spread  apart  and  leave  the  entrance  free.  The  five 
inner  stamens  now  follow  the  same  course,  turning,  as  the  others 
did,  the  pollen-covered  surface  of  their  anthers  upwards.  The 
styles  are  still  inclosed  within  the  tube,  and  are  only  slightly 
separated  at  their  apices.  When  the  inner  stamens  have  withered, 
the  two  styles  grow  up  out  of  the  flower,  and  spread  apart,  turning 
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their  papillar  inner  surfaces  upwards.  The  honey  is  secreted  as  in 
Dianthus.  I  omitted  to  watch  the  flowers  in  their  season,  and  can 
only  mention  Sphinx  ligustri,  L.,  as  a  fertiliser;  it  visited  the 
flowers  of  this  plant  in  my  garden  one  evening  during  slight  rain, 
and  sucked  them  with  the  usual  rapidity  of  the  hawk-moths.  I 
have  also  found  Halictus  morio,  F.  ?,  collecting  pollen  on  the 
flowers  (July  13,  1869). 

Silene  rupestris,  L.,  is  proterandrous,  and  is  visited  by  numerous 
insects.  It  inhabits  the  same  localities  as  Gypsophila  repens, 
and  secretes  and  conceals  its  honey  in  the  same  way  as  that 
species.  Its  flowers  are  equally  conspicuous,  but  stand  some- 
what isolated  on  sparingly  branched  stalks ;  owing  probably  to 
this  circumstance,  the  power  of  self-fertilisation  has  not  been 
entirely  lost  (609). 

Silene  acaulis,  L.,  ascends  in  the  higher  Alps  to  a  height  of 
over  10,000  feet.  Its  low  tufts  closely  studded  with  pink  or 
carmine  flowers  attract  so  many  butterflies  that  as  a  rule  the  plant 
has  been  able  to  dispense  with  the  power  of  self-fertilisation. 
Most  tufts  are  exclusively  staminate  or  pistillate,  and  only  rarely 
hermaphrodite  and  proterandrous.  The  latter  in  case  of  need  fer- 
tilise themselves.  I  have  observed  eighteen  species  of  butterflies 
on  this  flower  (609). 

As  Silene  acmdisis  adapted  for  diurnal  Lepidoptera,  so  S.  inflate, 
Sm.,  and  S.  nutans,  L.,  are  adapted  for  the  nocturnal  forms.  I 
found  both  on  the  Alps,  visited  in  the  evening  by  Noctuidas,  and 
in  the  daytime  by  humble-bees.  Silene  nutans,  L.,  is  markedly 
proterandrous.  According  to  Kerner,  each  flower  opens  upon 
three  successive  nights,  on  which  the  outer  stamens,  the  inner 
stamens,  and  the  stigmas  are  exserted  respectively.  According  to 
Ricca  (665),  the  flowers  are  sometimes  diclinous  by  incomplete 
development  of  the  stamens,  that  is  to  say,  gynodioecious.  Silene 
mflata.  L.,  is  trioecious  and  polygamous,  like  S.  acaulis 

Lychnis  flos-Jovis,  L.,  is  distinctly  proterandrous;  Z.  rubra 
Weigel,  is  trioecious  and  polygamous.     Both  have  bright  red 
flowers,  and  are  greatly  frequented  by  butterflies  on  the  Alps  (609) 
fychms  Viscaria,  L„  is  also  adapted  for  cross-fertilisation  by 
butterflies  (590,  11.).  J 

Lychnis  alpina,  L.-The  proterandrous  flowers  are  figured  and 
described  by  Axell  (17).  & 

LYCITS  f0S-CUCULI>  L--In  regard  to  the  position  of 
the  honey,  the  flowers  of  this  plant  are  intermediate  between 
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those  of  Stellaria,  Cerastium,  and  Gypsophila  panimlata,  where 
the  honey  is  fully  exposed,  and  Dianthus  and  Saponaria,  where 
it  is  only  accessible  to  Lepidoptera.  The  insect-visitors  include 
bees,  Lepidoptera,  and  some  long-tongued  flies.  The  nectaries, 
which  lie  at  the  base  of  the  stamens,  cohere  into  a  fleshy 
ring  surrounding  the  ovary.  The  calyx  tube  is  6  to  7  mm.  long, 
and  bears  teeth  3  mm.  long,  which  stand  erect  and  support 
the  claws  of  the  petals.  The  houey  is  thus  accessible  to  insects 
which  have  a  proboscis  9  to  10  mm.  long ;  or  which,  with  a  pro- 
boscis at  least  6  mm.  long,  have  strength  enough  to  push  apart 
the  claws  of  the  petals,  above  the  level  of  the  calyx-tube ;  or, 
finally,  to  insects  small  enough  to  creep  down  the  tube. 

The  flowers  are  distinctly  proterandrous.  First,  the  five  outer 
anthers  dehisce,  while  standing  in  the  entrance  of  the  flower  and 
having  their  pollen-covered  sides  turned  towards  one  another.  The 
tube,  though  it  permits  a  butterfly's  proboscis  to  pass  easily  down, 
is  so  much  obstructed  by  the  anthers  that  the  proboscis  cannot  fail 
to  be  dusted  with  pollen.  These  stamens  then  elongate,  and  bend 
outwards  to  lie  in  the  intervals  between  the  petals,  while  the  inner 
whorls  take  their  place  in  the  entrance  of  the  flower.  When  these 
wither,  the  five  styles  grow  up,  and  the  stigmatic  papillae,  which 
clothe  the  whole  of  their  inner  surfaces,  attain  their  full  develop- 
ment. The  styles  reach  to  the  entrance  of  the  flower,  and  their 
ends  make  1|-  to  2  spiral  turns,  so  that  an  insect  cannot  fail  to 
touch  some  part  of  the  stigmatic  surfaces  with  its  proboscis  in 
thrusting  it  down  into  the  flower. 

The  flowers  are  chiefly  visited  for  the  sake  oi  their  honey ;  I 
have  only  seen  the  hive-bee  collecting  pollen,  and  two  species 
of  Syrphidse  feeding  on  it. 

Visitors  :  A.  Hymenoptera— Apidm  :  (1)  Bombus  Rajellus,  111.  ?  (12  to  13)  ; 
(2)  B.  lapidarius,  L.  ?  $  (10  to  14)  ;  (3)  B.  agrorum,  F.  ?  (12  to  15)  ;  (4)  B. 
terrestris,  L.  §  (7  to  9)  ;  (5)  Apis  mellifica,  L.  $  (6),  ab.,  s.  andc.p.  ;  (6)  Osmia 
rufa,  L  ?  (9)  ;  (7)  Andrena  nitida,  K.  ?  (3  to  4),  they  sought  in  vain  for  honey  m 
several  flowers.  B.  Lepidoptera— (a)  Rhopalocera :  (8)  Pieris  brassicse,  L. 
(15)  ;  (9)  P.  rapse,  L.,  both  ab.  ;  (10)  Lycama  Icarus,  Rott.  ;  (6)  Sphinges: 
(11)  Macroglossa  fuciformis,  L.  ;  (12)  Ino  statices,  L.  ;  (c)  Noctum :  (13) 
Euclidia  glyphica,  L.,  very  ab.  C.  Diptera- Syrphidte  :  (14)  Rhingiaxosrrata, 
L.  (11  to  12),  s.  ;  (15)  Volucella  plumata,  L.,  f.p.  ;  (16)  Syrphus  pyrastn, 
L,  f.p. 

I  have  observed  the  stamens  of  L.  flos-cuculi  dusted  with 
butterflies'  scales,  and  a  Pieris  rapes  which  I  caught  upon  the 
flower  had  a  number  of  its  pollen-grains  among  the  hairs  and 
scales  on  the  forepart  of  its  head. 


part  nr.]        THE  MECHANISMS  OF  FLOWERS.  131 

58.  Lychnis  vespertina,  Sibth.  (L.dioica,  /3,L.).— The  structure 
of  the  flower  has  been  thoroughly  explained  by  Sprengel.  Honey 
is  secreted  by  the  lower,  fleshy  part  of  the  (developed  or  abortive) 
ovary,  and  lies  at  a  depth  of  20  to  25  mm.  in  fertile  or  pistillate 
flowers,  and  of  15  to  18  mm.  in  barren  or  staminate  ones.  Both 
kinds  of  flowers  are  much  constricted  near  their  upper  end  by  the 
calyx,  and  can  only  be  forced  open  a  little  at  the  very  brim  by  an 
insect's  head  ;  a  thin  proboscis  at  least  15  to  20  mm.  long  is  needed 
to  reach  the  honey.     The  pure  white  flowers,  which  have  no 
guiding  marks,  expand  in  the    evening,  though  they  are  not 
completely  shut  by  day.    These  characters  taken  together  exclude 
diurnal  insects  except  such  as  come  seeking  pollen,  and  make  the 
flowers  so  much  the  more  attractive  to  crepuscular  and  nocturnal 
Lepidoptera.    According  to  Delpino  (178,  p.  161),  the  anthers  ripen 
two  by  two,  a  fact  which  I  have  not  observed.   A  further  remark  of 
Delpmo's,  that  the  flowers  stand  horizontally,  and  let  the  stamens 
emerge  at  their  highest  part,  does  not  at  all  hold  good  of  the 
specimens  in  my  neighbourhood,  which  have  an  almost  perpen- 
dicular position,  as  Sprengel  figures  them. 

I  have  repeatedly  seen  Sphinx  porcellus,  L.,  visiting  and  cross- 
fertilising  the  flower. 

59.  Lychnis  Githago,  L,  is,  like  Dianthus,  adapted  for  fer- 
tilisation by  butterflies,  and  resembles  Dianthus  in  regard  to  its 
nectaries,  the  position  of  its  honey,  its  proterandrous  dichogamy, 
and  the  order  of  development  of  its  anthers  (702,  p.  254). 

Visitors  :  A.  Lepidoptera  Rhopalocera :  (1)  Hesperia  silvanus,  Esp.,8.  ;  (2) 
Piem  brassies,,  L.,  a.,  very  ab.  B.  Diptera- SgrpMta  :  (3)  Ehingia  rostrata  L. 

N0  T90  T  SC1S  Pepeatedly'  Seekhl8  in  vain  for  Wy    See  also 

The  species  of  Silene  and  Lychnis  have  a  relation,  according  to 
J>.  Buchanan  White,  to  species  of  Dianthcecia  {Nochddce)  like  that 
which  exists  between  Yucca  and  the  Yucca-moth.  The  species  of 
fS'f7  fertlllf  SiUne  and  Lychnis>  and  hereby  make  provision 

P  ants"  ZVhlCh  W  °»  the  ™»  "ec^of 

beskles  (773)  LyClmiS  W  many  0the1'  ^ect-fertilisers 

Ord.  CARYOPIIYLLEsE;  b.  ALSINEsE. 
S  Eolo^kTW  aRvense,  L.-The  flowers  resemble  those  of 

Sr;erk°^°?ei-ec^  *  the  order  of  develop- 
ment of  the  two  stammal  whorls  and  the  stigmas,  and  hence  also 
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in  the  likelihood  of  cross-fertilisation  in  case  of  insect-visits,  and 
of  self-fertilisation  in  their  absence.  They  are  equally  con- 
spicuous, and  are  visited  to  about  the  same  extent. 

Visitors  :  A.  Diptera— (a)  Stratiomyidw  :  (1)  Stratiomys  sp.,  s.  (b)  Empuhn: 
(2)  Empis  opoca,  F.  ;  (3)  E.  rustica,  Fallen,  both  very  ab.,  s.  ;  (c)  Leptidm : 
(4)  Leptis  strigosa,  Mgn.,  b.  ;  (d)  Syrphidce  :  (5)  Eristalis  nemorum,  L.  ;  (6)  E. 
arbustorum,  L.  ;  (7)  E.  sepulcralis,  L.  ;  (8)  Syritta  pipiens,  L.,  all  four  ab., 
s  ;  (9)  Platycbeirus  manicatus,  Mgn.,  ab.,  s.  ;  (10)  Syrphus,  sp.,  s.  ;  (11) 
Melanostoma  mellina,  L.,  s.  ;  (e)  Muscidw  :  (12)  Sepsis  ;  (13)  Antbomyia  eetiva, 
Mgn.,  s.  B.  Hymenoptera— Apidce :  (14)  Andrena  argentata,  Sin.?,  s.  ;  (15) 
Albicans,  K.  ? ,  s.  ;  (16)  Halictus,  $  (the  size  of  H.  nitidiusculus)  s.  C.  Cole- 
oytem-StaphylinidcB :  (17)  Omalium  florale,  Pk.  D.  Tkysanoptera :  (18) 
Thrips,  frequent  in  the  base  of  the  flower.  E.  Lepidoptera— (19)  Polyom- 
matua  Phloeas,  L.,  s.    See  also  No.  590,  11.,  and  No.  609. 


Fig.  41. — Cerastium  arveme,  L. 
1  -Flower  in  first  stage.    The  outer  whorls  of  anthers  are  covered  with  pollen,  the  inner  are  not 
yet  i^^^'^J^X^BtS8'  The  onter  anthers  are  in  part  fallen  off,  and  in  part 
withered?  the  inner  arfstiUspartgly  coaled  with  pollen ;  the  stigmas  are  mature. 

61  CERASTIUM  TRIVIALE,  Link,  has  smaller  flowers  and  fewer 
insect-visitors  ;  accordingly  it  is  less  markedly  proterandrous  than 
C.  arvense.  It  produces  seed  by  self-fertilisation  m  the  absence  of 
insects  (Axell,  17). 

Visitors  :  Diptera-(a)  Syrphida  :  (1)  Syritta  pipiens,  L.,  s.  and  f.p.  ; 
(b)  Empulce:  (2)  Empis  livida,  L.,  s. 

62  Cerastium  semidecandrum,  L.,  has  still  smaller  flowers 
a  io'^ll  Ipss  freauentlv  visited  than  the  preceding  species;  it  is 
«  dSc%  p^eraadroua,  and  fertilises  itself  regular*  ,n 

^Aria™:™*,  the  inner  Leney.ess  —  axe  usuaUy 

9tl!m  t  eceive  no  len.  Later,  the  anthers  pass  outwards  the 
t^XZZ  slightly  and  spread  ont,  turning  the,r  ,nner 
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surfaces,  which  are  covered  with  long  papillas,  upwards.  An  insect 
visiting  a  young  flower  dusts  itself  with  pollen,  and  also  applies 
pollen  from  the  same  or  from  another  flower  to  the  tips  of  the 
stigmas;  in  an  older  flower  it  is  likely  to  dust  the  outspread 
stigmas  with  pollen  from  another  flower  ;  in  the  absence  of  insects 
the  stigmas  as  they  curve  outwards  come  in  contact  with  the 
anthers  still  covered  with  pollen. 

Visitors:  A.  Diptera—  (a)  SyrpUdce :  (1)  Rhingia  rostrata,  L.,  s.  (May 
10,  1870)  ;  (b)  Aluscidce  :  (2)  Pollenia  vespillo,  F.  ;  (3)  P.  rudis,  F.,  both 
s.  and  inserting  the  proboscis  three  to  five  times  in  each  flower  (April  17,  1871). 
B.  Hymenoptera— Apidce :  (4)  Apis  mellifica,  L.  I  saw  (April  3,  1871) 
the  honey-bee  in  great  numbers  flying  over  a  bare  field  of  C.  semidecandrum, 
sucking  the  tiny  flowers  by  dipping  its  proboscis  once  into  each. 

Oerastium  mscosum,      has  cleistogamic  flowers  (40). 

63.  Maxachium  AQUATICUM,  Fries. — The  flowers  of  this  plant 
are  more  conspicuous  than  those  of  Cerastium  triviale  and  0.  semi- 
decandrum, but  less  so  than  those  of  C.  arvense  and  Stellaria 
Eolostea  ;  in  the  same  intermediate  position  stands  the  amount  of 
its  insect-visits  and  its  floral  arrangement,  which  favours  both  cross- 
and  self-fertilisation.  The  flower  is  proterandrous,  and  in  absence 
of  insects  the  ends  of  its  outspread  stigmas  come  in  contact  with 
the  pollen-covered,  anthers.  The  styles  vary  in  number  from  three 
to  five,  the  latter  number  being  most  frequent,  so  that  Malacliium 
here  probably  resembles  the  common  ancestors  of  Cerastium  and 
Stellaria. 

Visitors  :  A.  Diptera — (a)  Syrphida:  (1)  Helophihis  lineatus,  F.;  (2)  Eristalis 
arbustorum,  L.  ;  (3)  Syritta  pipiens,  L.  ;  (4)  Ascia  podagrica,  F,  all  ab.,  s.  ; 
(b)  Muscidce  :  (5)  Anthomyia  sp.,  s.  B.  Coleoptera — Nitidulidai :  (6)  Meli- 
gethes,  ab.,  l.h.  C.  Thysanoptera  :  (7)  Thrips,  very  freq.  D.  Hymenoptera 
—Apidce :  (8)  Prosopis  communis,  Nyl.  ? ,  s.  ;  (9)  Pr.  hyalinata,  Sm.  $ ,  s.  ; 
(10)  Halictus  sexnotatus,  K.  $ ,  a. 

64.  Stellaria  graminea,  L. — The  nectaries  surround  the  bases 
of  the  five  outer  stamens  as  green,  fleshy  swellings.  The  flowers 
exhibit  three  stages,  which,  however,  merge  one  into  another.  In 
the  first  period,  the  five  outer  stamens  curve  in  towards  the  middle 
of  the  flower,  and  their  anthers  dehisce  widely,  covering  them- 
selves all  round  with  pollen  ;  the  inner  stamens  are  meamvhilo 
bent  outwards,  and  their  anthers  are  still  closed.  The  styles  are  ■ 
not  yet  fully  developed,  and  are  curved  inwards  with  their  papillar 
surfaces  directed  downwards.  The  five  inner  stamens  dehisce 
before  the  other  five  have  withered,  but  still  remain  bent  farther 
outwards;  this  marks  the  second  stage.     As  these  inner  stamens 
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wither  and  shrivel  up,  the  styles  rise  up,  and  spread  outwards 
turning  their  papillar  surfaces  upwards,  and  curving  their  ends, 
also  papillar,  outwards  and  downwards  (third  stage).  Every  insect 
which  is  not  too  small,  whether  it  alights  in  the  middle  of  the 
flower  or  on  one  of  the  petals,  must,  to  reach  the  nectaries, 
come  in  contact  with  pollen  in  younger  flowers  or  with  the 


Fir:.  42. —  Stellaria  graminea,  Is 

1.— Flower  in  first  stage.    The  five  outer  anthers  are  covered  with  pollen,  and  are  bent  inwards. 
i.—  Flower  in  last  stage.   All  the  anthers  are  empty  and  shrivelled.   The  styles  are  spread  out 
above  the  stamens,  and  are  recurved,  turning  their  papillar  surface  upwards, 
a',  outer  whorl  of  anthers  ;  o2,  inner  whorl ;  re,  nectary. 

stigmatic  papillae  in  older  ones.  In  default  of  insect-visits,  the 
stigmas  as  they  continue  to  curve  outwards  come  in  contact  with 
the  pollen-covered  anthers.  Insect-visits  are  scarce,  as  the  incon- 
spicuousness  of  the  flowers  would  lead  us  to  expect.  I  have  only 
once  found  Volucclla  bombylans,  L.  (Syrplridx),  sucking  honey  on 
the  flowers. 
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65  Stellabia  Holostea,  L.— The  arrangement  of  the  flower 
resembles  that  of  S.  graminea ;  but  the  flowers  are  larger  and 
more  conspicuous,  the  nectaries  are  yellow,  confined  to  the  outer 
side  of  the  outer  stamens,  provided  above  with  a  honey-secreting 
pit,  and  yielding  more  abundant  honey.  The  three  stages  are  more 
clearly  marked  off  than  in  S.  graminea.  In  the  first  stage  the  outer 
stamens,  in  the  second  the  inner  ones,  stand  close  round  the  centre 
of  the  flower,  turning  their  pollen-covered  surfaces  more  or  less 
upwards— the  other  five  being  in  each  case  bent  out  of  the  way. 
In  the  first  period  the  stigmas  are  bent  inwards  (as  in  1,  Fig.  42), 
in  the  second  they  stand  erect  but  with  their  papillar  sides  turned 
inwards  towards  each  other,  in  the  third  they  are  spread  out  (as  in 
2,  Fig.  42),  while  the  anthers  have  mostly  fallen  off  or  remain  as 
withered  scales  attached  to  the  corolla. 

In  flowers  which  I  kept  in  my  room  however,  self-fertilisation 
often  took  place,  for  the  ends  of  the  stigmas,  as  they  spread  out- 
wards, often  came  in  contact  with  the  inner  anthers  still  bear- 
ing their  pollen,  and  moreover  pollen  often  fell  upon  other  parts  of 
the  stigma?. 

Visitors  :  A.  Diptera— (a)  Empidce  :  (1)  Empis  tesselata,  F.  ;  (2)  E.  opaca, 
F.,  both  frequent,  s.  ;  (b)  SyrpMdce :  (3)  Rhingia  rostrata,  L.,  ab.,  s.  and  f.p., 
standing  on  a  petal  and  applying  the  proboscis  now  to  the  base  of  the  flower, 
now  to  the  anthers  ;  (4)  Eristalis  arbustorum,  L.,  s.  and  f.p.  ;  (5)  Platycheirus 
peltatus,Mgn.,  do.  ;  (6)  Syrphus  ribesii,  L.,  do.,  ab.  ;  (c)  Muscidm:  (7)  Hydro- 
tsea  dentipes,  F.,  s.  B.  Hymenoptera — (a)  Apidai :  (8)  Apis  mellifica,  L .  $ , 
ab.  and  persistent,  s.  (May  27,  1871) ;  (9)  Nornada  flavoguttata,  K.  ?  ; 
(10)  N.  ruficornis,  L.  $  ;  (11)  Andrena  cineraria,  L.  $?  ;  (12)  A.  parvula,  K.  $, 
the  last  four  s.  ;  (13)  Halictus  cylindricus,  F.  5 ,  f.p.  ;  (b)  Tenthredinidcc  ■ 
(14)  Cephus  pallipes,  Kl.,  s.  C.  Colcoptera — (a)  Nitidulidw :  (15)  Meli- 
gethes,  ab.,  s.  ;  (b)  (Edemeridie :  (16)  (Edemera  virescens,  L.  (Tekl.  B.) 
D.  Lepidoptera — Rhopalocera :  (17)  Pieris  napi,  L.,  s.  E.  Thysanoptera — 
(18)  Thrips,  ab.    See  also  No.  590,  11. 

66.  Stellaria  media,  Vill. — The  flowers  are  less  conspicuous 
than  the  two  preceding  species,  and,  since  they  appear  at  all  times 
of  the  year  except  in  severe  frost,  they  are  for  a  great  period 
shut  out  from  insect-visits  ;  they  therefore  depend  largely  on  self- 
fertilisation.  Accordingly  they  differ  considerably  in  their  arrange- 
ment from  the  former  species.  Of  the  ten  stamens,  there  are 
almost  always  some,  usually  five  to  seven,  abortive;  and,  on  the 
whole,  I  think  that  the  number  of  abortive  stamens  is  greater  the 
colder  the  time  of  year.  The  five  inner  stamens  are  always  reduced, 
and  often  disappear  completely  ;  the  five  outer  ones,  which  bear  the 
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honey-glands  on  the  outer  side  of  their  bases,  only  show  signs  of 
abortion  when  the  inner  series  are  all  abortive  ;  at  most,  two  of 
them  disappear,  but  the  corresponding  glands  always  remain. 

In  sunny  weather  so  much  honey  is  secreted  that  the  five 
drops  are  easily  seen  by  the  naked  eye.  The  stamens,  especially 
when  their  number  has  been  reduced  to  three,  come  to  maturity  in 
slow  succession.  Immediately  after  the  flower  opens,  the  first 
anther  begins  to  dehisce,  and  the  stigmas  still  stand  erect  with  their 
papillar  sides  turned  inwards ;  but  their  tips  are  already  slightly 
outspread.  While  the  second  and  third  stamens  dehisce,  the 
stigmas  expand  fully,  and  turn  the  whole  of  their  papillar  surfaces 
upwards.  So  from  the  beginning  cross-fertilisation  and  self- ferti- 
lisation, in  the  event  of  insect- visits,  are  both  equally  likely ;  in 
absence  of  insects  the  stigmas  regularly  fertilise  themselves  by 
coming  in  contact  with  the  anthers.  This  self-fertilisation  is 
undoubtedly  efficient,  for  S.  media  produces  abundant  seed  in 
winter  when  no  insects  are  about,  and  in  long-continued  rainy 
weather. 

Stellaria  media  has  the  greatest  chance  of  cross-fertilisation  in 
early  spring,  for  before  that  time  no  insects  are  on  the  wing,  and 
afterwards  many  more  attractive  flowers  compete  with  it.  My  own 
observations  confirm  this. 

A.  Hymenoptera — Apidce  :  (1)  Andrena  Gwynana,  K.  <j? ,  s.  and  c.p.  (April 
11,  1869)  ;  (2)  A.  albicans,  K.  ,  s.  (do.) ;  (3)  A.  dorsata,  K.  ?,  s.  (do.) ;  (4)  A. 
parvula,  K.£,  s.  (April  21, 1869)  ;  (5)  A.  albicrus,  K.  s.  (do.)  ;  (6)  Osnria 
rufa,  L.  s.  (April  17,  1869).  B.  Diptera—  (a)  Syrphidm  :  (7)  Syritta 
pipiens,  L.,  s.  (May  27,  1870) ;  (b)  Muscidce :  (8)  Chlorops  circumdata,  Mgn., 
diligently  s.  (March  9,  1872)  ;  (9)  Musca  corvina,  F.,  do.  ;  (10)  M.  domestica, 
L.,  do.  C.  Thysanoptera—  (11)  Thrips,  dusted  with  pollen,  creeping  in  and 
out  of  the  flower  (April  30,  1868).    See  also  No.  590,  n. 

Stellaria  cerastoides,  L.,  is  homogamous  and  is  visited  by 
Diptera.    It  fertilises  itself  in  case  of  need  (609). 

67.  Aeenaeia  (M(EHRING1a)  tmnervia,  L.— At  the  base  of 
the  expanded  flower,  on  the  outer  side  of  the  base  of  each  outer 
stamen,  we  see  a  rather  large  drop  of  honey.  The  fleshy  swellings 
at  the  bases  of  these  stamens,  which  act  as  honey-glands,  are  so 
stroDgly  developed  and  extend  so  far  on  either  side,  that  they 
coalesce,  and  the  five  together  form  a  ring  round  the  ovary ;  from 
this  ring  the  five  inner  stamens  (which  alternate  with  the  others, 
and  stand  opposite  to  the  petals)  seem  to  spring. 

When  the  flower  opens,  the  stigmas  are  already  separated  and 
turn  their  rough  papillar  surface  upwards,  while  the  anthers  remain 
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closed.  In  the  second  stage,  the  anthers  of  the  outer  and  longer 
stamens  dehisce  ;  in  the  third  stage  those  of  the  inner  and  shorter 
stamens,  the  stigmas  still  remaining  fresh.  The  flowers  are  thus 
proterogynous  with  long-lived  stigmas.  Cross-fertilisation  is  likely 
to  occur  not  only  in  the  first  stage,  but  also  in  the  later  stages,  since 
an  insect  on  alighting  will  probably  touch  the  stigmas  before  the 
stamens. 

In  several  cases  I  have  found  the  outer  stamens  so  much 
aborted  as  to  be  scarcely  half  the  length  of  the  inner  series,  and 
bearing  tiny  shrunken  anthers  devoid  of  pollen.  Here  apparently 
the  time  between  the  ripening  of  the  stigmas  and  that  of  the 
stamens  was  lengthened,  and  hence  the  chance  of  cross-fertilisation 
increased.  In  default  of  insect-visits,  self-fertilisation  is  attained  by 
the  stamens  (both  outer  and  inner)  bending  inwards,  still  covered 
with  pollen,  and  coming  in  close  contact  with  the  stigmas. 

I  found  a  small  beetle,  Olibris  affinis,  Sturm,  one  of  the  Phalacridw, 
licking  honey  on  this  flower. 

Armaria  (Mcehringia)  muscosa,  L.,  is  fertilised  by  Si/rphidce 
(609). 

Honkeneja  (Ammodenia)  peploides,  Ehrh.,  is  polygamous  (W arm- 
ing, 762). 

Sagina  nodosa,  E.  Meyer,  is  proterandrous  (17,  38)  and  visited 
by  Anthrax  (609). 

The  following  additional  species  are  discussed  in  my  Alpm- 
bhcmen: — Armaria  bifiora,  L. ;  Alsine  recitrva,  Whlnb.;  A.  verna, 
Bartling;  Cherleria  sedoides,  L.  ;  Cerastium  alpiinum,  L.,  G. 
latifolhcm,  L. 


KEVIEW  OF  THE  ALSINEjE. 

The  foregoing  Alsineae  are  all  more  or  less  dichogamous,  and  are 
mostly  proterandrous  in  various  degrees,  Arenaria  Trincrvia  being 
proterogynous.  Dichogamy  is  the  more  marked  the  more  con- 
spicuous the  flowers,  and  the  more  abundant  the  visits  of  insects. 
Self-fertilisation  is  totally  excluded  in  none  of  the  above-mentioned 
forms,  and  is  the  better  insured,  the  more  inconspicuous  the  flowers 
are,  and  the  more  scanty  the  insect-visits  either  from  that  cause  or 
on  account  of  the  unfavourable  time  of  year.  The  insect-visitors  are 
very  various,  on  account  of  the  accessible  position  of  the  honey,  but 
consist  chiefly  of  flies  and  the  less  specialised  bees. 

Most  of  the  above  remarks  hold  good  also  for  the  species  which 
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I  have  observed  on  the  Alps.  Alsinevcrna,  Jacq.,  Cherleria  sedoides, 
L.,  and  Mozliringia  muscosa,  L.,  are  so  markedly  proterandrous,  that 
spontaneous  self-fertilisation  can  only  rarely  and  exceptionally  take 
place  in  them.  Armaria  bijiora,  L.,  and  Cerastium  latifolium,  L., 
also  ripen  their  anthers  before  their  stigmas,  but,  in  default  of 
insect-visits,  fertilise  themselves. 

I  found  Stellaria  cerastoides,  L.,  to  be  homogamous,  in  which 
respect  it  stands  alone  among  the  higher  Alpine  Alsineae. 

As  bees  are  scarce  in  the  higher  regions  of  the  Alps,  Diptera 
take  their  place  as  cross-fertilisers  of  the  Alsineae  more  than  in  the 
lower  grounds,  and  were  alone  observed  on  several  of  the  above- 
mentioned  species  (609). 

Dr.  T.  Ludwig  of  Greiz  has  recently  made  the  interesting 
discovery  that  most  if  not  all  of  the  distinctly  proterandrous 
Alsineae  are  also  gynodicecious ;  and  that  the  plants  with  small  and 
purely  pistillate  flowers  are  chiefly  in  bloom  at  the  beginning  of  the 
flowering-period  of  the  large -flowered  hermaphrodite  plants.  So 
these  subsidiary  pistillate  plants  make  up  for  the  preponder- 
ance of  the  staminate  condition  in  the  hermaphrodite  flowers  at 
that  time  (426,  427). 

Obd.  GARYOPHYLLEJE ;  c.  POLYCARPE ffl. 
Polycarpon  tetraphyllum,  1?.,  has  cleistogamic  flowers  (Batalin, 

40). 


REVIEW  OF  THE  CARYOPHYLLEjE. 

The  Caryophylleai  exhibit  an  interesting  series  of  gradations 
in  the  concealment  of  their  honey,  while  the  anthers  remain 
throughout  fully  exposed ;  a  comparison  of  their  insect-visitors  will 
thus  show  what  effect  differences  in  the  situation  of  the 
honey  produce. 

The  flowers  of  Alsinew,  and  the  short  and  wide  flowers  of 
Gypsophila  paniculata,  which  all  expose  their  honey  freely,  are 
chiefly  frequented  by  flies  and  by  a  few  beetles  and  other  short- 
lipped  insects ;  when  visited  by  bees,  it  is  either  by  the  least 
specialised  forms  (Prosopis,  Halictus,  Andrena)  or  by  the  most 
specialised  and  most  diligent  (Apis).  Lychnis  flos-cuculi,  whose 
honey  is  hidden  9  to  10  mm.  deep,  and  beyond  the  reach  of  short- 
lipped  insects,  is  almost  exclusively  visited  by  highly  specialised 
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bees  and  by  Lepidoptera,  one  drone-fly,  Uhingia,  coming  also  to 
sbare  the  honey.  The  benefit  which  results  from  and  has  brought 
about  the  lengthening  of  the  tube  in  Lychnis  flos-cuculi  lies  in  the 
fact  that,  by  excluding  short-lipped  insects  from  the  honey,  a  larger 
number  of  insects  with  long  proboscides  are  tempted  to  come,  and 
these,  requiring  more  food,  are  more  diligent  in  their  visits  and  in 
then  work  as  cross-fertilisers.  That  the  exserted  anthers  can  be 
robbed  by  pollen-eating  flies  and  pollen-collecting  bees  is  scarcely 
a  disadvantage ;  for  the  pollen  is  seldom  completely  removed,  and 
these  pollen-seeking  insects  act  as  subordinate  fertilisers. 

When  the  passage  to  the  honey  is  still  further  lengthened  and 
narrowed,  as  in  the  species  of  Dianthus,  Saponaria,  and  Lychnis, 
even  bees  are  excluded  and  Lepidoptera  only  can  gain  access.  For 
this  result  to  be  advantageous  we  must  suppose  that  the  visits  of 
Lepidoptera  are  the  better  insured  by  exclusion  of  other  insects. 
Exposure  of  the  anthers  is  as  little  injurious  here  as  in  Lychnis 
flos-mcibli.  As  the  honey  gets  more  deeply  concealed,  and  access 
more  strictly  limited  to  butterflies,  we  find  pari  passu  among  the 
Caryophylleos  increasing  development  of  sweet  scents,  bright  red 
colours,  fine  markings  round  the  entrance  of  the  flower,  and 
indentations  at  the  circumference.  All  these  characters,  which  are 
so  attractive  to  us,  seem  to  have  been  produced  by  the  similar 
tastes  of  butterflies. 

Ord.  HYPEMCACEM 

68.  Hypericum  perforatum,  L. — The  flowers,  from  their  size 
and  bright  colour,  and  from  numerous  plants  being  usually 
associated  together,  are  very  conspicuous,  and  attract  many  insects 
seeking  both  honey  and  pollen ;  they  however  contain  no  honey, 
and  possess  no  contrivances  to  insure  cross-fertilisation.  The 
large  production  of  pollen,  and  the  capability  for  self-fertilisa- 
tion compensate  in  part  for  these  disadvantages.  The  numerous 
stamens,  usually  over  eighty  in  number,  radiate  from  the  bottom 
of  the  flower  in  three  groups,  which  are  united  at  the  base ;  the 
anthers  are  directed  upwards  and  dehisce  in  rather  quick 
centrifugal  succession,  covering  themselves  with  pollen.  The 
three  styles  also  radiate  outwards,  so  that  their  terminal  stigmas, 
which  are  developed  simultaneously  with  the  anthers,  come 
to  stand  on  a  level  with  the  anthers  in  the  intervals  between 
the  groups  of  stamens.  Since  these  staminal  bundles  usually 
touch  one  another,  and  sometimes  interlock  slightly  at  their 
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margins,  the  stigmas  come  into  close  relation  or  even  immediate 
contact  with  the  pollen- covered  anthers.  Insects  alight  as  a  rule 
upon  one  of  the  five  outspread  petals,  and  then  find  that  the 
easiest  course  towards  the  anthers  lies  between  two  groups  of 
stamens ;  they  thus  frequently  come  in  contact  in  the  first 
instance  with  a  stigma,  and  may  thus  cause  cross-fertilisation. 
On  the  other  hand,  they  often  come  in  contact  first  with  some 
of  the  anthers  and  thus  occasion  self-fertilisation.  Later  on,  the 
petals  and  stamens  draw  together  towards  the  axis  of  the  flower, 
thus  bringing  anthers  and  stigmas  in  contact  with  one  another, 
and  insuring  self-fertilisation. 

Although  the  flowers  have  only  pollen  to  offer,  they  attract 
a  good  many  honey-seeking  insects,  which  fly  away  again  after  a 
vain  search  for  honey,  and  after  sometimes  even  boring  into  the 
tissue  at  the  base  of  the  flower.  I  have  noticed  the  following 
insects  on  the  flowers  of  H.  perforatum  : — 

A.  Hyinenoptera—  (a)  Apidcc :  (1)  Bonibus  agrorum,  F.  $ ,  c.p.  ;  (2)  B. 
terrestris,  L.  $  ,  c.p.  ;  (3)  Saropoda  bimaculata,  Pz.  $ ,  s.  ;  (4)  Andrena  dorsata, 
K.  ? ,  c.p.  ;  (5)  A.  coitana,  K.  ? ,  c.p.  ;  (6)  Nomada  lineola,  Pz.  ? ,  s.  ;  (7)  N. 
lateralis,  Pz.  ? ,  s  ;  (8)  Prosopis  armillata,  Nyl.,  f.p.  ;  (6)  Tenthredinidw  : 

(9)  Tenthredo  sp.,  vainly  seeking  honey.     B.   Diptera— (a)  Bombylidce: 

(10)  Argyromoeba  sinuata,  Fallen,  vainly  seeking  honey  ;  (11)  Bombylins 
canescens,  Mik.,  s.  ;  (6)  Empidce  :  (12)  Empis  livida,  L.,  s.,  the  two  last 
obviously  bored  into  the  base  of  the  flowers  ;  (c)  Syrphidas :  (13)  Eristalis 
nemorum,  L.  ;  (14)  E.  arbustorum,  L.  ;  (15)  E.  tenax,  L.  ;  (16)  E.  sepulcralis, 
L.  ;  (17)  Syrphus  balteatus,  Deg.  ;  (18)  S.  ribesii,  L.,  all  six  species  very  ab.  ; 
(19)  Helophilus  pendulus,  L.  ;  (20)  H.  trivittatus,  F.  ;  (21)  Melanostoma 
mellina,  L.  ;  (22)  Melithreptus  scriptus,  L.  ;  (23)  M.  pictus,  Mgn.  ;  (24)  Ascia 
podagrica,  L.,  all  these  Syrphidse  were  diligently  collecting  pollen.  C.  Lepi- 
dLo-ptera—Bhopalocera:  (25)  Hesperia  silvanus,  Esp.  ;  (26)  Satyrus  Janira,  L. 
both  thrust  their  proboscides  to  the  base  of  the  flower,  but  were  obviously 
groping  about  for  honey  and  unable  to  pierce  the  nectariferous  tissue.  D.  Co- 
leoptera—  Chnjsomelidce :  (27)  Cryptocephalus  sericeus,  L.,  devouring  both 
stamens  and  pollen.    See  also  No.  590,  11. 

Hypericum  tetrapterum,  L.,  is  visited  by  pollen-collecting  bees 
and  pollen-feeding  flies  (590,  II.). 

Hypericum  hirsutum,  L.— The  structure  of  theflowers  for  themost 
part  resembles  that  of  H.  perforatum,  but  they  are  smaller  and 
have  far  fewer  stamens,  only  seven  to  nine  in  each  bundle.  The 
plants  bear  fewer  flowers,  and  stand  more  isolated,  which  greatly 
restricts  the  number  of  insect-visitors;  in  fact,  I  have  never 
succeeded  in  observing  H.  hirsutum  visited  by  any  insect.  The 
bundles  of  stamens,  on  account  of  the  small  number  they  contain, 
are  separated  by  wider  intervals,  in  which  the  styles  pass  outwards 
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without  the  stigmas  ever  coming  m  contact  with  the  anthers  in 
an  expanded  flower.  But  when  the  flowers  close  up,  on  lading, 
self-fertilisation  always  takes  place,  and  seems  to  result  in  lull 
productiveness. 

Hypericum  guadrangulum,  L.,  is  intermediate  between  H. 
perforatum  and  H.  hirsutum  in  regard  to  the  size  of  its  flowers 
and  the  number  of  their  stamens.  Each  flower  contains  between 
fifty  and  sixty  stamens,  in  bundles  consisting  of  from  sixteen 
to  twenty-two.  In  the  expanded  flower,  I  have  never  seen  the 
stigmas  in  immediate  contact  with  the  anthers;  though  such 
contact  regularly  occurs  ultimately,  when  the  parts  of  the  flower 
draw  towards  the  centre.  The  want  of  symmetry  in  the  petals 
is  noteworthy;  it  occurs  also  in  other  species  of  Hypericum,  but 
not  so  strongly  marked.    Each  petal  is  more  expanded  on  one 


Fig.  43. — Hypericum  liirsutum,  L. 
Flower,  seen  obliquely  from  above,  a,  a,  a,  the  three  stigmas. 

side  than  on  the  other,  and  the  broader  side  bears  notches  from 
its  apex  to  about  the  middle,  a  black  gland  lying  in  each  notch. 
The  broad  and  glandular  side  is  sometimes  on  the  right  and 
sometimes  on  the  left,  but  is  on  the  same  side  in  all  the  petals 
of  one  flower.  The  flowers  are  visited  by  flies,  which  feed  on  the 
pollen  (590,  II.). 

Hypericum  humifusum,  L.,  has  smaller  flowers  and  fewer 
stamens  (three  to  five  in  each  group)  than  any  of  our  other 
species.  The  anthers  only  come  in  contact  with  the  stigmas  as 
the  flower  closes  up. 

I  have  observed  no  insects  on  this  species,  or  on  H. 
quadrangulum. 

In  all  the  above-mentioned  species,  the  grouping  of  the 
stamens  in  three  bundles  and  the  position  of  the  styles  between 
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them  increase  the  chance  of  cross-fertilisation ;  rendering  it  likely 
in  spite  of  the  great  number  of  anthers,  that  an  insect  on  alighting 
will  touch  a  stigma  first,  though  self-fertilisation  is  also  very 
probable.  In  all,  self-fertilisation  occurs  in  default  of  insect- 
visits,  and  is  without  doubt  the  usual  mode  of  reproduction  in 
the  less  conspicuous  forms. 

Cratoxylon  formosum  has  dimorphic  flowers  (167,  213). 


Oed.  MA  EC GliA  VIA  GEM 

In  this  order  bracts  secrete  honey  and  make  the  flower 
conspicuous  by  their  bright  colours.  They  have  accordingly 
the  most  various  forms  (spurs,  spathes,  etc.),  and  are  of  as  much 
importance  to  the  plant  as  petals  usually  are.  Delpino  bases  a 
new  subdivision  of  the  order  upon  the  modifications  of  the  bracts. 
The  flowers  are  proterandrous. 

In  Marcgravia  nepenthoides  there  occurs  beneath  a  wreath  of 
pendulous  flowers  a  group  of  honey-secreting  cups.  They  attract 
insects,  which  in  turn  attract  insectivorous  birds,  and  these,  while 
feeding  on  the  insects  sitting  upon  the  nectar-cups,  touch  and 
cross-fertilise  the  flowers  above  (56). 

An  interesting  paper  on  Marcgraviaceas  and  their  Nectaries, 
with  fine  figures,  was  contributed  by  Ludwig  Wittmack  to 
Kosmos,  vol.  v.,  1879  (784.) 


Obd.  MALYAGEM. 

Malva  silvestris,  L.,  and  M.  rotundifolia,  L. — These 
species  often  occur  together,  and  flower  side  by  side  for  months 
at  a  time.  In  the  struggle  for  existence,  M.  rotundifolia  has  the 
advantage  in  being  content  with  poorer  soil,  in  the  appearance  of 
its  flowers  from  one  to  several  weeks  earlier,  and  in  the  possibility 
of  regular  self-fertilisation ;  M.  silvestris,  on  the  other  hand,  in 
its  more  vigorous  growth,  and  much  greater  attractions  for 
insects.  These  advantages  seem  to  balance  one  another,  for, 
about  Lippstadt  at  least,  both  species  grow  together  in  equal 
abundance. 

In  both  species,  a  pyramidal  group  of  anthers  occupies  the 
middle  of  the  young  flower,  and  surrounds  the  stigmas  which  are 
still  unripe  and  folded  together;  later  on,  the  stigmas  become 
exserted  and  radiate  outwards.  Honey  is  secreted  in  five  pits 
between  the  bases  of  the  petals,  and  protected  by  hairs,  and  insects 
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seeking  it  must  wipe  off  pollen  from  the  anthers  in  young  flowers 
and  apply  it  to  the  stigmas  in  older  ones.  In  Malva  sihestris, 
which  attracts  insects  by  the  larger  size  and  brighter  colour  of 
its  flowers,  and  receives  very  numerous  visits,  the  ends  of  the 
filaments,  before  the  stigmas  are  mature,  curl  outwards  so  far 
that  spontaneous  self-fertilisation  is  impossible.  M.  rotwndifolia, 
whose  much  smaller  and  paler  flowers  attract  few  insects,  regu- 
larly fertilises  itself  in  default  of  insect-visits,  for  its  anthers 
remain  extended  in  such  a  position  as  to  be  touched  by  the 
papillate  sides  of  the  curling  stigmas.    (Fig.  44,  5) . 

The  following  lists  of  insects  which  I  have  observed  dur- 
ing four  summers  upon  the  two  forms,  show  how  great  is  the 
difference  in  this  respect  between  them. 


Fig.  44. 

1 — 4. — Malva  tilvestris.    1,  essential  organs  from  a  bud ;  2,  ditto,  in  the  first  stage  of  the  flower 
3,  ditto,  between  the  first  and  second  stages  ;  4,  ditto,  in  the  second  stage. 
5.—  Malva  rotundifolia  in  the  act  of  self-fertilisation. 


69.  Malva  silvestris,  L.  : — 

Visitors  :  A.  Hynienoptera — (a)  Ajrida; :  (1)  Apis  mellifica,  L.  ^ ,  s.,  very 
ab.  ;  (2)  Bombus  lapidarius,  L.  ? ,  ab.  ;  (3)  B.  bortorum,  L  $  ;  (4)  B.  silvarum 
L.  ?  ;  (5)  B.  agrorum,  F.  $  ;  (6)  Cilissa  hsemarrhoidalis,  F,  $  g ,  freq.  . 
(7)  Andrena  parvula,  K.  <$  ;  (8)  A.  Gwynana,  K.  $  ;  (9)  A.  fulvicrus,  K.  $  \ 
(10)  Halictus  inacvdatus,  Sm.  <j> ;  (11)  H.  albipes,  F.  <j>  ;  (12)  H.  morio,  F.  <j>  ; 
(13)  H.  Smeathmanellus,  K.  ?  ;  (14)  H.  zonulus,  Sm.  £  ;  (15)  Nomada  late- 
ralis, Pz.  ?;  (16)  Osmia  £enea,  L.  g ;  (17)  Megacbile  Willughbiella,  K.  ; 
(18)  M.  ligniseca,  K.  $  ;  (19)  CcElioxys  simplex,  Nyl.  ?  $  ;  (20)  Ohelostoma 
campanularum,  L.  all  tbese  twenty  species  though  always  dusted  with 
pollen,  never  collected  it,  but  came  for  honey  only  ;  (21)  Oh.  nigricorne,  Nyl. 
<S  ?>  VCT.y  al,->  both  s.  and  cp.,  this  is  the  only  species  which  I  have  seen 
collecting  the  pollen;  (22)  Prosopis  byalinata,  Sm.  £ ;  (23)  P.  communis, 
Nyl.  <J  ?,  freq.  ;  (24)  P.  signata,  Schenck,  <J  ;  (25)  P.  pictipes,  Nyl.  $  • 
(26)  P.  dilatata,  K.  <J,  all  sucking;  (b)  Ichneumonidce :  (27)  various  species, — 
t  am  unable  to  say  whether  they  succeeded  in  reaching  the  honey.  B.  Diptera 
—(a)  Slrutioviyidiv  :  (28)  Sargus  enprarius,  L.  (s  eeftled  to  derive  no  advantage 
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from  the  flowers,  though  attracted  by  them  ;  (6)  Syrphidce ; '  (29)  Rhingia 
rostrata,  L.,  s.,  ab.  C.  Lepidoptera — (30)  Pieris  rapsa,  L.,  s.  D.  Coleoptera — 
(31)  Haltica  fuscicornis,  L.,  in  the  flowers.    See  also  No.  590,  n, 

70.  Malva  rotundifolia,  L. : — 

Visitors :  Hymenoptera — Apidce :  (1)  Apis  mellifica,  L.  $  ;  (2)  Bombus 
agrorum,  F.  $  ;  (3)  Anthophora  quadrmiaculata,  F.  £  ;  (4)  Halictus  morio, 
F.  $ ,  all  sucking.    See  also  No.  590,  n. 

The  following  observation  shows  that  even  Malva  silvestris  is 
not  perfectly  adapted  to  its  conditions  of  life.  In  the  afternoon, 
when  the  flowers  begin  to  close,  I  have  very  often  seen  hive-bees 
clambering  up  the  outside  of  the  calyx  of  closed  but  still  fresh 
flowers ;  thrusting  the  proboscis  past  the  sepals,  they  emptied  the 
nectaries  from  outside.  Sometimes  I  have  even  seen  bees,  after 
sucking  several  closed  flowers  in  this  manner,  perform  the  same 
operation  on  the  next  open  flower.  Thus  the  flowers  of  Malva 
silvestris  have  not  sufficiently  secured  their  honey  from  plunder. 

71.  Malva  Alcea,  L. — The  flowers  standing  on  longer  stalks, 
and  expanding  their  rosy  petals  to  a  diameter  of  40  mm., 
are  still  more  conspicuous  than  those  of  M.  silvestris.  Self- 
fertilisation  is  obviated  by  the  same  arrangement  as  in  M.  silvestris, 
and  insect-visits  are  probably  at  least  equally  numerous.  I  have 
only  once,  in  scarcely  favourable  weather,  observed  a  few  specimens 
in  flower  (July  13, 1868). 

Hymenoptera— Apidce :  (1)  Apis  mellifica,  L.  $ ,  very  ab.,  s.,  covering 
itself  with  pollen;  (2)  Cilissa  liEemorrhoidalis,  F.  $.,  s  ;  (3)  Halictus 
cylindricus,  F.  ? ,  s.    See  also  No.  590,  IX  . 

72.  Malva  moschata,  L.— The  flowers  are  as  distinctly  pro- 
terandrous  as  those  of  the  three  foregoing  species.  According  to  a 
sketch  which  I  made  in  1867,  the  ends  of  the  filaments  curve  down- 
wards on  the  withering  of  the  anthers;  the  stigmas  spread  out 
above  them,  apparently  obviating  self-fertilisation.  However,  at 
that  time  I  did  not  pay  particular  attention  to  cases  where  self- 
fertilisation  occurs  in  default  of  in  sect- visits. 

Visitors  :  A.  Hymenoptera— Apidce  :  (1)  Apis  mellifica,  L.  $  ,  s. ;  (2)  Che- 
lostoma  nigricorne,  L.  ?,  s.  ;  (3)  Andrena  Coitana,  K  J  s.  (Sid.)  B. 
Diptera  Bombylidce  :  (4)  Systoechus  sulfureus,  Mikan  s.  (Sid.).  C.  Lepidop- 
tera :  (5)  Hesperia  silvanus,  Esp.,  s. 

Delpino  mentions  Xylocopa  violacea  as  a  visitor  of  the  Malvacecc 
(172).     Dr.  Ogle  says  (631)  that  in  many  Malvacem  anthers 
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and  stigmas  ripen  together,  and  self-fertilisation  takes  place 
regularly ;  he  says  that  in  these  forms  no  nectaries  are  present, 
since  the  aid  of  insects  is  not  required.  Unfortunately  he  does 
not  name  the  species  to  which  he  refers. 

Anoda  liastata,  Cav. — Hiklebrand  figures  and  describes  the 
proterandrous  flowers.  In  the  first  stage  the  ripe  anthers  are 
erect  and  the  stigmas  are  folded  down,  while  in  the  second  the 
stigmas  project  above  the  anthers  (351). 

Gossi/jrium  herlaceum,  L.,  has  floral  and  extra-floral  nectaries. 
It  is  visited  by  Ruby- throated  Humming-birds,  and  by  numerous 
insects  (730). 

Abutilon,  Giirtn. — My  brother  Fritz  Miiller  has  performed 
many  experiments  on  this  plant  at  Itajahy,  with  the  following 
results : — 

(1)  All  the  species  of  Abutilon  growing  there,  and  their 
hybrids,  are  barren  (with  perhaps  one  exception)  when  fertilised 
■with  their  own  pollen. 

(2)  In  those  species  which  are  unproductive  with  their  own 
pollen,  the  pollen  of  their  near  relations  (the  parent-plants  or 
their  offspring)  is  less  efficient  than  pollen  from  more  distantly 
related  or  unconnected  plants. 

(3)  The  application  of  pollen  from  several  different  species 
gives  a  greater  yield  of  seed  than  pollen  from  a  single  other 
species  only. 

(4)  The  simultaneous  application  of  pollen  of  two  species 
always  produces  seedlings  of  two  kinds  :  not  as  in  the  experi- 
ments of  Koelreuter  and  Gartner  on  other  plants,  where  the 
simultaneous  application  of  two  species  of  pollen  always  produced 
seedlings  of  one  kind  only. 

(5)  Among  hybrids  of  the  genus  Abutilon,  there  is  more  or 
less  complete  sterility  between  nearly  related  individuals— between 
parent-plants  and  their  offspring,  between  offspring  of  the  same 
parents,  or  even  between  plants  which  have  only  one  parent  in 


common. 


By  considering  from  a  common  point  of  view  the  diminution 
of  fertility  in  too  close  interbreeding  and  in  the  production  of 
hybrids,  Fritz  Miiller  arrives  at  the  following  law  :— Every  plant 
to  produce  vigorous  and  prolific  offspring,  requires  a  certain  degree 
of  difference  between  the  male  and  female  principles  which 
coalesce;  and  when  this  amount  of  difference  is  too  great  or 
too  smal  ,  i.e  when  the  parent-plants  are  too  distantly  or  too 
closely  related,  the  productiveness  falls  off".    Further,  the  greater 
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the  amount  of  difference  between  the  sexual  principles  that  is 
requisite  for  full  productiveness  in  a  certain  plant  the  greater 
chance  will  there  be  —  cceteris  paribus — of  that  plant  proving 
fruitful  when  crossed  with  much  more  distant  relatives.  Thus 
species  in  which  individuals  are  quite  sterile  to  their  own  pollen, 
and  more  or  less  unfertile  to  pollen  from  closely  related  indivi- 
duals, will  in  general  be  specially  likely  to  form  hybrids  with  other 
species.  (Compare  Abutilon,  Lobelia,  Passiflora,  Oncidmm)  (558). 

The  natural  fertilisers  of  Abutilon  at  Itajahy  are  humming- 
birds, which  perform  their  work  so  diligently  that,  as  we  have 
seen,  the  power  of  reproduction  on  self-fertilisation  has  been 
dispensed  with. 

Pavonia  hastata,  Cav.,  has  cleistogamic  flowers  without 
nectaries  (318). 

Goethea  eoccinea,  according  to  Delpino,  is  proterogynous  with 
long-lived  stigmas.  The  tetraphyllous  involucre  renders  the 
flower  conspicuous ;  the  honey  is  secreted  in  five  glands  at  the 
base  of  the  urceolate  calyx,  and  is  sheltered  by  the  corolla. 
Delpino  supposes  bees  or  humming-birds  to  be  the  fertilisers 

(177,  351). 

Obd.  STERCULIACE.E. 

Mdochia  parvifolia,  H.  B.  and  K.  (Caracas),  is,  according  to 
Ernst,  dimorphic  and  heterostyled  (225). 


Oed.  tiliacej-:. 

73.  TlLlA  EUROP^A,  L. — Sprengel  has  fully  described  the 
flower  of  the  lime  :  its  proterandrous  condition,  which  he 
overlooked,  was  noted  by  Hildebrand  (356). 

The  honey  is  secreted  and  lodged  in  the  hollow  sepals,  aud 
is  accessible  to  insects  with  short  proboscides.  The  sepals  and 
petals  are  overtopped  by  the  stamens,  which  are  numerous  and 
curved  outwards  ;  and  insects  can  only  alight  on  the  anthers,  or 
on  the  stigmas,  or  in  the  space  between  them.  The  possibility 
of  self-fertilisation  is  almost  excluded  by  the  stamens  remaining 
bent  outwards  to  the  last,  while  the  pistil  occupies  the  axis  of 
the  flower ;  only  rarely  is  a  flower  met  with  in  which  an  anther 
has  become  curved  inwards  to  touch  the  stigma.  The  lime,  which 
rarely  produces  seed  in  England,  attracts  groat  numbers  of  insects 
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of  various  orders,  by  the  number  and  strong  scent  of  its  flowers 
and  the  accessible  position  of  their  honey. 

A.  Hymenoptera — («)  Apidce :  (1)  Apis  mellifica,  L.  $ ,  s.  (limes  when  in 
flower  are  the  resort  of  thousands  of  bees  in  fine  weather, — I  found  none  with 
pollen  in  their  baskets,  but  all  seemed  to  come  for  honey)  ;  (2)  Bombus 
agrorum,  F.  $,  ab.,  s.  ;  (3)  Prosopis,  ab.  ;  (b)  Sphegidce :  (4)  Oxybelus 
uniglumis,  L.,  ab.,  licking  honey.  B.  Diptera — (a)  SyrpJiidce :  (5)  Eristalis 
nemorum,  L.  ;  (6)  E.  arbustorum,  L.  ;  (7)  E.  sepulcralis,  L.  ;  (8)  E.  tenax, 
L.  ;  (9)  Helophilus  noreus,  L.,  all  very  ab.,  now  s.  now  f.p.  ;  (10)  Volucella 
pellucens,  L.  ;  (b)  Muscidat :  (11)  Sarcophaga  carnaria,  L.,  s.  ;  (12)  Lucilia 
coruicina,  F.  ;  (13)  Musca  domestica,  L.,  s.  ;  (c)  TaLanidcc:  (14)  Tabanus 
bovinus,  L.,  s. 

Oed.  LINEjE. 

74.  Linum  catharticum,  L.— The  five  filaments  are  adherent 
by  their  expanded  bases  to  a  fleshy  ring  in  the  base  of  the  flower, 
which  secretes  five  honey-drops  from  as  many  flat  inconspicuous 
glands  on  its  outer  side,  opposite  to  the  stamens  :  these  honey- 
drops  enlarge  till  they  reach  the  underlying  sepals.  To  this  fleshy 
ring  the  petals  are  attached,  a  little  above  the  honey-glands,  and 
alternating  with  the  stamens.  The  lower  halves  of  the  petals 
are  in  contact  with  one  another,  but  narrowing  suddenly  at  the 
base  they  leave  a  round  opening  between  each  pair,  immediately 
above  the  honey-gland. 

The  five  anthers  become  mature  at  the  same  time  as  the 
stigmas,  and  stand  on  a  level  with  them.  They  cover  themselves 
all  round  with  pollen,  but  for  a  short  time  after  the  opening 
of  the  flower  they  stand  at  some  distance  from  the  stigmas,  so 
that  self-fertilisation  cannot  take  place.  An  insect  coming  from 
another  flower  and  plunging  its  proboscis  into  the  middle  between 
stigmas  and  anthers  will  effect  cross-fertilisation,  but  if  it  inserts 
its  proboscis  into  the  flower  outside  the  anthers  these  will  be 
pressed  against  the  stigmas  and  self-fertilisation  will  result. 

If  insect-visits  do  not  occur,  self-fertilisation  takes  place  by 
the  bending  inwards  of  the  stamens.  It  seems  to  be  efficient  ■ 
for  every  one  of  the  small,  white,  solitary  flowers,  which  close 
m  the  evening  and  receive  very  few  insect-visits,  produces  a 
capsule  full  of  good  seeds. 

In  spite  of  the  great  abundance  of  the  plant,  I  have  only 
once  seen  two  insects  at  work  upon  its  flowers;  viz.  :— 

(ThS.)Sy8tCeCKU8  HU,ph"r0Ua'  Mik-  (Bnmbylidre)  ;    (2)   Empis  livida,  1,,  s. 
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75.  Lin  um  usitatissimum,  L. — This  flower  resembles  the 
preceding  one  in  regard  to  its  honey,  and  to  the  simultaneous 
ripening  and  relative  positions  of  anthers  and  stigmas  ;  hence  also 
in  the  likelihood  of  cross-fertilisation  in  case  of  insect-visits,  and 
in  the  constancy  of  self-fertilisation  if  they  fail. 

Hildebrand  has  shown  by  direct  experiment  that  self-fertilisation 
is  efficient. 

The  flowers  are  more  conspicuous  and  therefore  more  visited 
by  insects  than  those  of  L.  catharticmn.  Sprengel  observed  a 
humble-bee  on  them  ;  I  have  noted  : — 

A.  Hyuienoptera— Apidoa :  (1)  Apis  mellifica,  L.  $ ,  ab.,  s.  ;  (2)  Halictus 
cylindricus,  F.  $,  c.p.  B.  Lepidoptera— Noctuce :  (3)  Plusia  gamma,  L.,  s. 
See  also  No.  590,  II. 


Flo.  45. — Linum  calharticum,  L. 
1  _Youn"-  flower  from  above ;  the  anthers  are  not  yet  in  contact  with  the  stigmas. 
f^^rt^&X^ove;  the  five  anthers  are  covered  with  pollen,  and  are  in 
^StowefaftlrSVal  of  the  calyx,  to  show  the  insertion  of  the  petals  and  the  position  of  the 

Be°5a"Bssential  organs  removed  from  the  flower,  in  the  position  of  self-fertilisation. 
6  —Sepal  from  the  inside,  with  a  drop  of  honey, 
a,  anther  ;  st.  stigma ;  n,  nectary  ;  a',  coherent  filaments. 

The  dimorphic  species  of  Linum  have  been  the  subject  of 
several  important  researches. 

Darwin,  as  early  as  1863,  recorded  dimorphism  in  L.  grandt- 
florum  Desf.,  L.  perenne,  L.,  and  L.  flamm,  L.,  and  made 
experiments  on  the  two  first.  In  Linum  rjravdiflorum  the  short- 
styled  flowers  gave,  on  self-fertilisation,  more  seed  than  the  long- 
styled   which  remained  almost  barren.    Both  proved  to  be  far 
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more  fertile  when  legitimately  fertilised.  As  a  rule  the  pollen- 
grain  failed  to  develop  its  pollen-tube  when  on  the  stigma  of  a 
flower  of  its  own  kind  (157). 

In  Linum  perenne  illegitimate  pollination  of  the  long-styled 
form  was  quite  unproductive,  and  in  the  short-styled  form  very 
nearly  so;  in  both  forms,  legitimate  pollination  led  to  full  fertility 
in  three  cases  out  of  four.  Hildebrand  found  that  in  this  species 
short-styled  flowers  were  quite  infertile  with  their  own  pollen, 
with  that  from  another  flower  on  the  same  plant,  or  from  any  other 
short-styled  flower;  but  invariably  fertile  to  pollen  from  a  long- 
styled  flower  (339,  340). 

In  Linum  Lewisii,  Pursh.  (L.  Sibiricum,  D.C.),  according  to 
Planchon,  each  plant  bears  flowers  of  three  kinds,  one  long-styled, 
one  short-styled,  and  one  with  styles  and  stamens  of  equal  length  ; 
that  is  to  say,  it  is  trimorpliic,  though  not  in  the  same  sense  that 
Lythnim  Salicaria  is  so.  Dr.  Friedrich  Alefeld  enumerates  twenty- 
nine  dimorphic  species  of  Linum,  all  natives  of  Europe,  Asia,  or 
North  Africa;  while  all  the  species  from  North  and  South  America 
and  from  the  Cape  are  monomorphic  (1).    (Cf.  Darwin,  167.) 

Racliola  linoides,  D.C.  (It.  millcgrana,  Sm.),  is  visited  by  minute 
Diptera  (590,  II.). 

Erythroxylon  is  dimorphic. 

Oed.  MALPIGHIACEjE. 

Camarea,  St.  Hil,  and  Janusia,  A.  Juss.,  according  to  Adr.  de 
Jussieu,  have  cleistogamic  as  well  as  normal  flowers;  Aspicarpa 
ureus,  Bich.,  occurs  with  only  cleistogamic  flowers  (531);  Gaudi- 
chaudia,  H.  B.  and  K.,  also  is  placed  among  cleistogamic  forms  by 
Kiihn  (399). 

In  Eunchosia  gaudichavdiana  the  glands  on  the  exterior  of  the 
calyx  seem  not  to  be  protective  in  function.  They  are  visited  by 
various  bees  (Tetrapcdia  and  Epicharis),  which  in  feeding  on  them 
dust  the  under  surface  of  their  bodies  with  pollen,  with  which  they 
cross-fertilise  other  flowers  (360). 


Ord.  GEE  A  NT  A  CEJE. 
Tribe  Geraniece. 

76.  Geranium  palustre,  L.-The  structure  of  this  flower  was 
thoroughly  described  and  figured  by  Sprengel,  who,  however 
observed  no  insect-visitors.    In  sunshine  the  flowers  expand  their 
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purple  petals  to  a  diameter  of  30  to  40  nun.,  and  turn  towards  the 
sun,  so  that,  being  brightly  illuminated,  they  are  visible  at  a  great 
distance. 

The  darker  lines  which  converge  to  the  centre,  and  the  pale- 
coloured  claws  of  the  petals,  serve  to  direct  insects  towards  the 
honey,  which  is  secreted  by  five  glands  at  the  bases  of  the  outer 
stamens,  and  protected  from  rain  by  hairs  at  the  bases  of  the 
petals ;  it  is  accessible  to  very  short-lipped  insects.  Insect-visits 
are  so  frequent  that  the  power  of  self-fertilisation  has  become 
completely  lost.  Each  flower  passes  through  three  well-marked 
stages,  in  which  first  the  five  outer  stamens,  next  the  five  inner 
stamens,  and  thirdly,  when  these  have  withered,  the  five  stigmas, 
become  in  turn  ripe  and  stand  up  prominently  in  the  middle  of 
the  flower.  Each  whorl  of  stamens  bends  .outwards  as  its  anthers 
wither. 

Near  Lippstadt  this  plant  is  confined  to  a  single  locality, 
and  I  have  only  once  watched  it,  for  about  half  an  hour,  in  a  light 
east  wind  and  changeable  sky  (August  21,  1871).  I  was  convinced 
in  this  short  time  of  the  great  number  of  insects  which  frequent 
the  plant.  Whenever  the  sun  shone  out,  I  found  the  flowers  visited 
by  numerous  flies  and  bees,  especially  species  of  Halictus. 

A.  Hymenoptera — Apvdm :  (1)  Halictus  cylindricus,  F.  <J  ;  (2)  H.  albipes, 
F.  $  ;  (3)  H.  flavipes,  F.  $  ;  (4)  H.  longulus,  Sm.  ?  ;  (5)  H.  nitidiusculus, 
K.  $  <J  ;  (6)  H.  zonulas,  Sm.  £  ;  (7)  Andrena  dorsata,  K.  $  ;  (8)  A.  fulvicrus. 
K.  £  ;  (9)  Prosopis  communis,  Nyl.  $ .  B.  Diptera — (a)  Syrphidw :'  (10) 
Rhingia  rostrata,  L.  ;  (11)  Melithreptus  scriptus,  L.  ;  (12)  Eristalis  tenax,  L.  ; 
(13)  Helopbilus  pendulus,  L.  ;  (14)  Platyeheirus  peltatus,  Mgn.  ;  (b)  Musculo' : 
(15)  small  species  of  Anthomyia.  C.  Lepicloptera — (16)  Pieris  rapse,  L., 
— all  sucking. 

77.  Geranium  pratense,  L. — This  is  generally  the  most  conspi- 
cuous and  most  abundantly  visited  plant  in  the  meadows  where  it 
grows,  just  as  G.  palustre  is  in  the  marshes.  It  agrees  in  structure 
for  the  most  part  with  the  former  species,  and  like  it  has  lost 
the  power  of  self-fertilisation.  Hildebrand  gives  (351,  p.  19) 
a  drawing  and  short  description  of  its  markedly  proterandrous 
flowers.  He  has  shown  that,  at  the  time  when  the  anthers  dehisce 
and  are  bent  over  the  stigmas,  these  latter  as  a  rule  are  incapable 
of  fertilisation;  they  become  capable  of  fertilisation  when  the 
anthers  have  diverged  away  from  them,  and  finally  lose  this 
capability  on  the  falling  off  of  the  petals  (342-) 

Visitors:  A.  Hymenoptera — Apidas :  (1)  Apis  mellifica,  L.  $ ,  very  ab.,  s.  ; 
(2)  Osmia  rufa,  L.  ? ,  s.  (May  27,  1868)  ;  (3)  Chelostoma  nigricorne,  L.  ? ,  s. 
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(Thur.) ;  (4)  Stella  atexrima,  Pz.  ?  6  (Tlmr.),  8.  ;  (5)  Andrena  Coitana,  K.  6 
(Sid.),  ?  (Thur.),  s.  ;  (6)  Halictus  cylindricus,  F.  «J ;  (7)  H.  albipes  ,  JJ.  <J; 
(8)  H.  leucozonius,  K.  ?  ;  (9)  H.  longulus,  Sm.  £  ;  (10)  H.  maculatus  Sm.  <? 
Thur.) -all  sucking;  (11)  H.  lucidulus,  Sehenck,  ?,  cp.  ;  (12)  Prosopis 
hyalinata,  Sm.  £ ,  s.  B.  Diptera— Syrphida:  (13)  Melithreptus  pictus,  Mgn.,  t.p. 
See  also  No.  590,  ir. 

78.  Geranium  pyrenaicum,  L— The  flowers  are  proter- 
androns,  and  regularly  fertilise  themselves  in  default  of  insect- 
visits.  Before  the  bud  expands,  all  the  filaments  have  their  thin 
ends  bent  slightly  outwards. 

As  soon  as  the  flower  opens,  the  five  outer  stamens,  which 
alternate  with  the  petals  and  which  bear  at  their  base  the  honey- 
glands,  rise  up  so  that  their  anthers  overtop  the  divisions  of 


Fig.  40. — Geranium  pyrenaicum,  L. 
1-4. — Positions  of  the  reproductive  organs  at  successive  stages. 

the  stigma,  which  are  still  closely  united,  and  each  anther  turns 
that  side  where  dehiscence  is  about  to  take  place  outwards  and 
upwards  :  this  whole  surface  becomes  covered  with  pollen.  At  the 
same  time  the  thin  ends  of  the  five  inner  stamens  curve  down- 
wards, so  that  their  anthers  which  are  still  closed  are  out  of  the 
way  of  insects,  and  do  not  hinder  them  from,  dusting  themselves 
with  pollen.  A  day  later  these  five  inner  stamens  rise  up  and 
dehisce,  so  that  now  the  stigmas  are  surrounded  by  a  circle  of  ten 
anthers,  all  dusted  on  their  outer  sides  with  pollen. 

After  a  day  or  two  more,  the  stigmas  at  last  begin  to  separate 
from  one  another,  and  when  they  do  so,  they  lie  on  a  level  with 
the  anthers.  If  the  pollen  has  not  in  the  meanwhile  been  removed, 
an  msect-visitor  may  now  accomplish  self-fertilisation  as  easily  as 
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cross-fertilisation,  but  if  insect-visits  have  taken  place  to  a  sufficient 
extent,  the  pollen  is  wholly  removed  before  the  stigmas  separate, 
and  cross-fertilisation  is  the  inevitable  result  of  further  insect- 
visits.  If  insects  do  not  visit  the  flower  at  all,  self- fertilisation 
always  takes  place,  as  the  edges,  at  least,  of  the  recurving  stigmas 
come  in  contact  with  the  pollen,  as  I  have  repeatedly  seen  in  the 
case  of  specimens  flowering  in  my  room. 

The  fertilisation  of  the  plant  is  therefore  provided  for  under  all 
possible  conditions. 

I  have  not  had  a  direct  opportunity  of  observing  this  plant 
fertilised  by  insects ;  but  in  sunny  weather  its  insect-visitors  must 
be  fairly  numerous,  for  Herr  Borgstette,  to  whom  I  am  indebted 
also  for  living  examples  of  the  plant,  sent  me  the  following  insects 
caught  by  him  on  its  flowers  at  Teklenburg : — 

A.  Hymenoptera— (a)  Apidce  :  (1)  Andrena  fulvago,  Christ.  with  pollen 
of  Geranium  on  its  collecting-hairs  ;  (2)  A.  Gwynana,  K.  ?  $  ;  (3)  A.  parvula, 
K.  $  ;  (4)  A.  dorsata,  K.  ?  ;  (5)  Halictus  cylindricus,  F.  ?  ;  (6)  H.  maculatus, 
Sm.  $  ;  (7)  H.  Smeathmanellus,  K.  $  ;  (8)  Sphecodes  gibbus,  L.  $  ;  (9)  Osinia 
fusca,  Christ,  (bicolor,  Schrank),  $  ;  (10)  Chelostoma  nigricorne,  L.  $  ;  (b) 
Sphegidte:  (11)  Aimnophila  sabnlosa,  L.  ;  (c)  Vespidce :  (12)  Odynerus 
(Hoplopus)  qninquefasciatus,  F.  B.  Diptera — (a)  Syrphidce:  (13)  Helo- 
philus  floreus,  L.  ;  (14)  Chrysotoxum  bicinctum,  L.  ;  (15)  Melithreptus 
tamiatus,  Mgu.  ;  (16)  M.  pictus,  Mgn.  ;  (17)  Syrplms  balteatus,  Deg.  ;  (18) 
S.  ribesii,  L.  ;  (19)  S.  pyrastri,  L.  ;  (20)  Ascia  podagrica,  F.  ;  (21)  Ehingia 
rostrata,  L.  ;  (22)  Pelecotoma  tricincta,  Mgn.  ;  (b)  Muscidce :  (23)  Echinomyia 
fera.  L.  ;  (24)  Scatophaga  stercoraria,  L.  C.  Coleoptera — (a)  Dermestidce  : 
(25)  Byturus  fumatus,  L.  ;  (b)  Cistelida :  (26)  Cistela  murina,  L.  ;  (c) 
Malacodermata  :  (27)  Malachius  feneus,  L. 

On  the  Alps  I  found  67.  pyrenaicum  abundantly  visited  by 
insects,  and  incapable  of  spontaneous  self-fertilisation  (609).  The 
stamens  bent  far  outwards  before  their  anthers  withered,  and  the 
stigmas  did  not  expand  until  all  the  anthers  or  at  least  the  outer 
five  had  fallen  off. 

79.  Gekanium  sanguineum,  L.,  in  spite  of  its  flowers  being 
much  more  conspicuous,  agrees  fully  in  the  manner  of  its  fertilisa- 
tion with  67.  pyrenaicitm ;  its  conspicuousness  seems  therefore  not 
to  insure  cross-fertilisation,  in  any  greater  degree  but  only  to 
compensate  for  its  more  shady  habitat. 

Visitors  :  A.  Hymenoptera— (a)  Apidce :  (1)  Halictus  maculatus,  Sm.  9  ; 
(2)  H.  sexnotatus,  K.  ?  (both  usually  alight  on  a  petal,  and  go  round 
the  flower,  licking  one  nectary  after  another — their  sides  rub  against  the 
anthers  in  young  flowers  and  Hie  stigmas  'in  old  ones,— sometimes  they  alight 
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in  the  middle  of  the  flower)  ;  (J)  Sphegidm  :  (3)  Oxybelns  sp„  s.  B  Diptera 
-Syrphidm:  (4)  Rhingia  rostrata,  L.,  settles  sometimes  m  the  middle  ol  the 
flower,  sometimes  on  a  petal,  and  sucks  all  the  five  drops  of  honey  m 
succession.    See  also  No.  590,  n.,  and  No.  609. 

80.  Geranium  molle,  L.— When  the  flower  opens,  the 
divisions  of  the  stigma  lie  close  together  so  that  their  papillar 
sides  are  hidden.  The  anthers  are  all  closed  and  distant  from  the 
middle  of  the  flower ;  the  thin  ends  of  their  filaments  are  bent 
outwards,  the  inner  row  of  stamens  which  stand  opposite  to  the 
petals  being  bent  farther  outwards  than  the  others  which  alternate 
with  the  petals. 

Now  the  outer  stamens  begin,  one  after  the  other,  to  bend 
inwards,  so  as  to  lie  over  the  apex  of  the  stigma,  and  to  dehisce 
there ;  the  flower  is  thus  for  a  time  male  only.  But  even  before 
the  first  five  stamens  have  all  dehisced,  the  divisions  of  the  stigma 
begin  to  separate;  so  that  the  five  anthers  which  lay  over  their 


Fig.  47. — Geranium  molle,  L. 

1 — 5. — Reproductive  organs  in  successive  stages.  In  2,  the  inner  whorl  of  stamens  lias  been 
removed,  a',  outer  stamens,  alternating  with  the  petals,  and  provided  at  the  base  with  nectaries  ;  a2, 
inner  whorl,  opposite  the  petals,  bent  further  out  than  the  outer  whorl  when  the  flower  opens  ; 
«t,  stigma. 


apices  come  to  lie  in  the  angles  between  them,  and  let  some  paxt 
of  their  pollen  fall  upon  the  stigmatic  papillse. 

While  the  divisions  of  the  stigma  are  expanding  still  more 
widely,  the  inner  anthers,  which  hitherto  were  closed,  begin  to 
curve  inwards  and  to  dehisce.  When  all  the  anthers  have  shed 
their  pollen,  they  lie  partly  in  the  angles,  partly  over  the  ends 
of  the  outspread  stigmas,  and  only  a  little  above  them  ;  so  that 
insects  which  alight  in  the  middle  of  the  flower  touch  anthers  and 
stigmas  at  the  same  time,  and  can  accomplish  self-fertilisation  as 
well  as  cross-fertilisation. 

The  likelihood  of  self-fertilisation  is  thus  greater  in  these 
less  conspicuous  and  therefore  less  visited  flowers  than  in  either 
of  the  two  preceding  species,  since  anthers  and  stigmas  come  into 
immediate  contact  with  one  another  early  in  the  flowering  period. 
The  probability  of  cross-fertilisation  is  in  consequence  so  much  the 


154  THE  FERTI  LISATION  OFyFLOWERS.       [past  hi. 

less,  since  even  with  abundant  insect-visits  the  possibility  of  self- 
fertilisation  remains  throughout. 

Visitors  :  A.  Diptera — («)  Syrphidm :  (1)  Ascia  podagrica,  I\,  s.,  very  ab.  ; 
(2)  Ehingia  rostrata,  L.,  s.  ;  (3)  Helophilus  pendulus,  L.,  freq.,  s.  ;  (4)  Syritta 
pipiens,  L ,  s.  ;  (b)  Muscuhe :  (5)  Scatophaga  merdaria,  F.,  s.  B.  Hymen- 
opt  era — Apidce :  (6)  Halictus  sp.,  s.  ;  (7)  Andrena  Gwynana,  K.  ?,  s.  ;  (8) 
Apis  mellifica,  L.  $  (I  saw  the  hive-bee  once  (June  10,  1871),  in  a  spot 
where  67.  molle  and  G.pusillum  were  growing  together,  dip  its  tongue  into 
some  flowers  of  G.  molle,  but  abandon  it  immediately  for  Glechoma, — I 
mention  this  apparently  trivial  circumstance  because  it  shows  (1)  that 
G.  molle  with  its  larger  and  darker  flowers  is  preferred  by  an  insect  which  has 
to  choose  between  it  and  G.  pusillum,  and  (2)  that  even  G.  molle  has  not 
sufficient  attractions  to  win  the  services  of  the  hive-bees.    See  also  No.  590,  n. 

81.  Geranium  pusillum,  L. — Although  on  superficial  exa- 
mination very  easily  confused  with  G.  molle,  G.  pusillum  differs 
considerably  from  that  species  in  the  structure  of  its  flower. 

Only  the  five  stamens  which  alternate  with  the  petals  bear 
anthers,  and  these  stamens  are  provided  at  their  base  with  honey 


Fia.  48. — Geranium  pimilum,'  L. 
Essential  organs  of  a  flower  which  is  just  opening,  seen  .from  above,    st,  stigma ;  a,  anther. 

o-lands.  When  the  flower  opens,  the  stamens  are  all  erect  and 
closely  applied  to  the  pistil.  The  five  divisions  of  the  stigma  are 
spread  out  for  half  their  length,  their  papillar  surfaces  are  turned 
upwards,  and  the  anthers,  which  are  still  closed,  lie  a  little  below 
the  stigmas  in  the  angles  between  them.  The  flower  therefore  is 
as  yet  female  only,  and  can  only  be  fertilised  through  insect-agency 
by  pollen  from  older  flowers. 

Soon  after  this,  the  anthers  dehisce,  covering  themselves  on 
both  sides  with  viscid  pollen-grains,  and  the  stigmas  spread  still 
further  apart,  so  that  the  anthers  come  to  lie  in  the  angles  between 
them  and  dust  the  papilhe  on  their  edges  with  pollen.  The  flower 
is  now  as  much  male  as  female.  It  can  be  fertilised  more  easily 
with  other  pollen  than  with  its  own  in  case  of  insect-visits,  but  it 
has  already  begun  to  fertilise  itself. 

At  leno-th  the  divisions  of  the  stigma  are  fully  outspread  : 
while  the  ends  of  the  filaments  bend  towards  the  middle  of  the 
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flower,  so  that  the  anthers,  still  dusted  with  pollen,  are  closely 
pressed  together,  and  lie  over  the  stigmas ;  they  must  therefore  be 
touched  before  the  stigmas  by  an  insect  alighting  in  the  middle  of 
the  flower.  In  this  stage  the  flowers  are  adapted  for  dusting  the 
bellies  of  insect-visitors  with  pollen  for  the  fertilisation  of  other 
flowers  ;  but  their  own  stigmas  are  more  easily  reached  by  their  own 
than  by  other  pollen. 

The  anthers  now  easily  fall  off,  and  one  often  finds  the  older 
flowers  without  anthers,  but  with  five  fully  outspread  stigmas. 
These  flowers  are  therefore  again  female  only,  but  their  stigmas 
have  already  come  in  contact  with  their  own  pollen,  though  they 
may  still  be  fruitful  with  that  from  younger  flowers. 

If  we  compare  the  flowers  of  G.  pusillum  with  those  of  its 
near  ally  G.  molle,  with  which  it  grows  in  company,  and  blooms  at 
the  same  time,  we  see  that  the  former  are  smaller  and  paler,  and 
are  accordingly  more  rarely  visited  by  insects.  In  each  case, 
however,  the  regular  occurrence  of  self-fertilisation  compensates 
for  the  great  uncertainty  of  cross-fertilisation;  and  further,  the 
very  early  development  of  the  stigmas  enables  the  rare  insect-visits 
to  be  made  full  use  of  when  they  do  occur.  Finally,  the  more 
rapid  development  of  the  flower  permits  the  number  of  anthers  to 
be  reduced  to  one-half. 

In  spite  of  frequent  watching,  I  have  only  noticed  the  flowers 
of  G.  pusillum  to  be  visited  by  one  insect,  a  small  gnat,  Ascia 
podagrica,  F.,  but  by  that  on  several  occasions.  It  settled  in  the 
middle  of  the  flower  and  sucked  honey  from  it.  See  also  No. 
590,  11. 


REVIEW  OF  THE  PRECEDING  SPECIES  OF  GERANIUM. 

If  we  exclude  67.  sctuguineum,  which  grows  in  more  shady 
spots,  and  arrange  the  other  species  according  to  the  size  and 
conspicuousness  of  their  flowers,  we  get  a  series  as  follows : 
(1)  G.  palustre  and  G.  pratcnse ;  (2)  G.  pyrenaictim  ;  (3)  G.  molle ; 
(4)  G.  pusillum.  We  get  practically  the  same  series  if  we  arrange 
these  species  according  to  the  decreasing  chance  of  cross-ferti- 
lisation in  case  of  insect-visits;  and  so  also  if  we  take  them 
according  to  the  increasing  likelihood  of  self-fertilisation  in 
default  of  insect-visits.  For  (1)  in  G.  pratcnse  and  G.  palustre, 
self-fertilisation  never  takes  place  in  the  ordinary  flowers,1  while 

1  I  say  "m  the  ordinary  flowers,"  because  it  is  possible,  and  even  probable,  that 
nomogemic  flowers  occur,  as  Axdl  has  shown  in  lb.-  ense  of  <!.  silvaticum. 
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cross-fertilisation  is  thoroughly  insured  through  the  separation  of 
the  sexual  products  both  in  time  and  space  ;  (2)  in  G.  pyrenaicum, 
self-fertilisation  never  takes  place  in  the  earlier  period,  but  it  takes 
place  regularly  though  not  abundantly  towards  the  end  of  the 
flowering  period  if  insect-visits  do  not  occur, — cross-fertilisation  is 
insured,  as  in  the  two  preceding  species,  if  insect-visits  occur  earl}-, 
but  if  they  are  delayed  till  the  second  stage  they  result  more  easily 
than  in  the  other  two  species  in  self-fertilisation  also ;  (3)  in 
G.  molle,  even  if  insect-visits  occur  early  and  abundantly,  self- 
fertilisation  is  not  excluded ;  and  it  takes  place  to  a  greater  extent 
than  in  the  former  species  long  before  the  flowering  period  ends,  if 
insect-visits  do  not  occur, — though  self-fertilisation  is  at  no  time 
excluded,  cross-fertilisation  is  favoured  in  case  of  insect-visits,  by 
the  position  of  the  reproductive  organs  in  both  stages  of  the 
flower;  (4)  in  G.  pusillum,  self-fertilisation  takes  place  abundantly 
in  every  case  before  the  end  of  flowering,  but  if  insect-visits 
take  place  in  time,  the  stigma,  which  is  developed  before  -  the 
anthers,  receives  pollen  from  outside  before  self-fertilisation  can 
take  place,  and  when  pollen  of  the  same  flower  is  afterwards 
applied  to  the  stigma  it  is  probably  rendered  useless  by  the 
"prepotency"  of  the  other  :  if  insect- visits  are  delayed  till  a  later 
period,  so  that  pollen  from  outside  is  brought  only  to  a  stigma 
already  laden  with  pollen  of  its  own  flower,  we  may  still  suppose 
that  the  former  outstrips  the  latter. 

Thus  in  these  Geraniums  we  see  clearly  how,  as  the  number  of 
insect-visits  diminishes  with  the  ccnspicuousness  of  the  flower,  the 
plant  makes  amends  by  an  increasing  likelihood  of  self-fertilisation 
for  the  diminished  chance  of  cross-fertilisation. 


Geranium  dissection,  L. — The  manner  of  fertilisation  is  similar 
to  that  of  G.  pusillum,  but  the  flower  has  ten  anthers.  When 
it  opens,  the  stigmas  already  stand  widely  outspread,  and 
the  anthers  which  stand  close  around  them  are  still  closed  and 
dehisce  gradually  one  after  another,  dusting  the  stigmas  with 
pollen.  I  have  seen  it  visited  by  flies  and  by  Andrcna  (vide 
No.  590,  11.  p.  217). 

82.  Geranium  eobertianum,  L.—  When  the  flower  opens, 
the  five  stigmas  are  folded  close  together ;  the  five  outer  stamens 
stand  close  round  them,  in  the  middle  of  the  flower,  and  their 
anthers  which  project  a  little  above  the  stigmas,  dehisce,  covering 
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their  upper  surfaces  with  pollen.  The  five  inner  stamens  are  still 
bent  outwards  as  far  as  possible,  so  as  to  lie  upon  the  petals  and 
be  out  of  the  way  of  insects  which  alight  on  the  flower.  Before 
the  period  of  the  outer  stamens  is  over,  the  stigmas  separate  and 
expand,  so  that  their  papillar  surfaces  which  were  hidden  before 
are  now  fully  exposed  in  tbe  middle  of  the  flower. 

As  the  outer  stamens  wither,  the  five  inner  ones  rise  up  to 
surround  the  style,  which  lengthens  meanwhile,  so  that  its  five 
stigmas  stand  a  little  way  above  the  circle  of  pollen-covered 


anthers 


Honey  is  secreted,  as  in  all  our  Geraniums,  by  the  outer  side  of 
the  base  of  each  outer  stamen,  and  is  collected  in  a  slight  hollow  at 
the  base  of  each  sepal :  it  may  be  reached  by  means  of  a  proboscis 
at  least  7  mm.  long,  without  which  the  insect  must  thrust  its  head 
into  the  narrow  part  of  the  flower.  I  have  seen  Rhingia  rostrata 
in  great  abundance,  sucking  up  the  five  honey-drops  one  after 
another  with  its  proboscis,  which  is  11  to  12  mm.  long  ;  it  stood 
first  on  one  petal,  then  on  another,  and  in  older  flowers  its  proboscis 
touched  first  the  stigmas  and  then  the  ripe  anthers,  in  younger  ones 
the  ripe  anthers  only.  It  effected  cross-fertilisation  regularly,  but 
at  times,  in  drawing  out  its  proboscis,  it  must  also  have  effected 
self-fertilisation.  I  have  quite  as  often  found  this  fly  busy  eating 
pollen.    I  have  noted,  in  all,  the  following  visitors  : — 

A.  Diptera — Syrphkhv :  (1)  Rhingia  rostrata,  L.,  s.  and  f.p.,  ab.  B.  Cole- 
optera — (2)  Dasytes  flavipes,  F.,  sucking  and  biting  the  petals.  C.  Lepid- 
optera — (3)  Pieris  napi,  L.,  very  ab.,  s.  (Stromberg,  May  15,  1868).  See  also 
No.  590,  ii. 

Cross-fertilisation  is  here  insured,  at  first  by  the  early  develop- 
ment of  the  outer  stamens,  and  afterwards  by  the  position  of  the 
mature  stigmas  above  the  level  of  the  anthers  ;  but  self-fertilisation 
is  not  absolutely  excluded.  I  have  not  included  this  species  in 
the  foregoing  series,  because  I  have  not  yet  made  sure  whether 
self-fertilisation  does  result  in  default  of  insect-visits. 

Geranium  silvaticum,  L.,  is  not  only  widely  distributed  in 
Low  Germany  and  in  Britain,  but  occurs  also  in  the  Alps,  where  it 
extends  to  far  above  the  limit  of  trees  and  is  one  of  the  most 
abundantly  visited  plants.  I  have  found  upon  its  flowers: — 
Coleoptera,  8  ;  Diptera,  21 ;  Hymenoptera,  24  (Apidae,  17)  ;  Lepid- 
optera,  21 :  in  all,  74  species. 

This  plant  is  historically  interesting,  since  it  suggested  to 
Sprengel  the  first  idea  of  his  theory.  It  is  also  remarkable  for 
being  yynodioscious,  and  for  exhibiting  transitions  both  towards 
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homogamy  and  towards  dicecism  (609).  (List  of  visitors  in  Low 
Germany,  590  11.  p.  218. 

Geranium  phceuni,  L.,  is  proterandrous.  The  two  whorls  of 
staraeng  develop  in  succession,  and  the  stigmas  do  not  expand 
until  the  stamens  have  again  bent  outwards.  The  flowers  are 
visited  for  their  honey  by  humble-bees  and  by  the  hive- bee 
(229,  665). 

Geranium  macrorJdzon,  L.,  is  proterandrous,  and  the  earlier 
flowers  are  female  only.  The  same  is  true  of  several  species 
of  Pelargonium  (356,  p.  479). 

83.  Erodium  cicutatuum,  L'Herit. — The  honey  is  secreted 
and  stored  as  in  all  our  other  Geraniums ;  the  five  outer  anthers 


Fig.  49. — Erodium cicutarium,  L'Herit. 


1.  — Flower,  seen  from  above  and  in  front. 

2.  _One  of  the  two  superior  petals,  magnified  half  as  mnch  again,  showing  the  hairs  at  its  base 
which  protect  the  nectar.  The  three  dark  lines  converging  towards  the  base  form  a  "  path-finder  " 
common  to  all  the  petals  ;  the  elliptic  spot  is  a  "  path-finder  '*  peculiar  to  the  two  upper  petals. 

3.  — The  reproductive  organs,  a,  anthers  ;  8t,  stigma  ;  n,  nectary ;  h,  drop  of  honey  ;  Ji,  the  five 
filaments  of  the  inner  whorl  of  stamens,  whose  anthers  are  aborted 

4.  — Centre  of  the  flower,  after  removal  of  the  pistil.  A,  point  of  attachment  of  the  pistil;  », 
nectaries,  with  their  honey-drops  protected  by  the  two  rows  of  hairs. 

5.  — Coccinella  septempunctata,  an  awkward  visitor  of  this  flower. 

only  are  fertile,  as  in  G.  pusillum.  As  in  other  Geraniums  the 
flowers  turn  towards  the  sun,  rendering  themselves  conspicuous,  in 
spite  of  their  short  stalks,  among  all  the  other  flowers  of  the  bare, 
sunny  slopes  where  they  chiefly  grow. 

While  in  the  species  of  Geranium,  the  flowers  though  set 
obliquely  arc  quite  regular,  here  there  is  a  distinct  difference 
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between  the  upper  and  lower  petals,  the  (two,  rarely  three)  upper 
ones  bearing  "path-finders"  in  the  form  of  fine  black  lines,  the 
(three,  rarely  two)  lower  ones  being  elongated  to  form  convenient 
alighting-places. 

The  flowers  are  distinctly  proterandrous,  so  that  cross-fertilisa- 
tion never  fails  if  insect-visits  take  place  in  time :  if  they  do  not 
take  place,  then  the  flower  is  regularly  self-fertilised. 

I  have  only  noted  the  following  visitors  : — 

A.  Hymenoptera — Apidcc :  (1)  Apis  mellifica,  L.  s.  and  c  p.,  ab. 
(Sprengel  found  hive-bees  and  humble-bees  collecting  pollen).  B.  Cole- 
optera — (2)  Coccinella  septempunctata,  L.,  licking  honey. 

The  awkward  way  in  which  this  beetle,  which  is  not  fitted  to 
feed  on  flowers,  obtained  the  honey,  was  too  amusing  to  pass  by 
without  notice.  While  seated  on  a  petal,  it  applied  its  mouth  to 
one  of  the  nectaries  at  the  base  thereof ;  while  so  doing,  the  petal 
usually  broke  off,  and  the  beetle  was  left  clinging  to  the  next  petal, 
or  fell  with  its  own  to  the  ground.  In  the  former  case  it  kept  on 
its  way  round  the  flower,  and  frequently  pulled  off  all  five  petals, 
one  after  another ;  but  when  it  fell  it  was  always  at  once  on  its 
legs  again,  running  to  another  stalk  of  the  same  plant  to  climb  up 
anew.  1  saw  one  beetle  fall  four  times  to  the  ground  without 
growing  wiser  by  experience. 

Ludwig  has  published  more  comprehensive  researches  on  the 
mechanism  of  fertilisation  in  Eroclium  (433,  434,  438). 

Tribe  Pelargonice. 

Some  general  remarks  on  the  structure  of  the  flower  in 
Tropceolum  are  given  by  Delpino  (172)  ;  the  structure  in  T. 
majus,  L.,  was  thoroughly  described  by  Sprengel,  who  noted  its 
proterandrous  condition 

Tribe  Oxalidece. 

Hildebrand  has  investigated  all  the  species  of  Oxalis  in  the 
Botanic  Gardens  of  Berlin  and  Bonn,  in  the  Royal  Herbarium  of 
Berlin,  the  Munich  Herbarium,  and  the  collections  of  Treviranus, 
A.  Braun,  and  Selmeyer.  He  distinguishes  twenty  trimorphic 
species,  whose  different  forms  were  in  many  cases  looked  upon  as 
distinct  species  previously;  fifty-one  species  possess  two  forms, 
and  thirty  have  one  only.  Our  three  native  species,  0.  acctosclla,  L  , 
0.  stmda,  L,  and  0.  coi-mmhta,  L ,  are  shewn  to  be  mono- 
morphic  (348). 
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Experiments  on  artificial  pollination  and  the  growth  of  the 
resulting  seeds,  which  Hildebrand  afterwards  instituted  with  two 
trimorphic  species,  0.  Valdiviana  and  0.  Rcgnclli,  Miquel,  led  to 
results  similar  to  those  of  Darwin  in  the  case  of  Lythrum  Salicaria. 
They  showed  (1)  that  productiveness  is  greatest,  or  exists  only, 
after  legitimate  fertilisation ;  (2)  that  both  parent-plants  influence 
the  form  of  the  offspring ;  (3)  that  pollen-grains  from  stamens  of 
equal  length  are  of  the  same  size,  and  diminish  from  the  tallest  to 
the  shortest  anthers. 

Hildebrand  gives  a  figure  of  the  trimophic  flowers  of  Oxalis 
gracilis,  Jacq.  (348).  H.  v.  Mohl  has  described  the  cleistogamic 
flowers  of  0.  acctosella  (531). 

Tribe  Balsaminece. 

Impatiens  Balsamina,  Tilo.— In  younger  flowers  the  anthers  lie 
upon  the  still  closed  stigmas,  and  dust  their  pollen  upon  the  backs 
of  insects  (bees)  which  dip  their  proboscides  into  the  spur ;  in  older 
flowers,  when  the  crown  of  anthers  has  withered,  the  outspread 
stigmas  come  in  contact  with  the  same  parts  of  the  bee. 

H.  v.  Mohl  has  described  cleistogamic  flowers  in  Impatiens 
Noli-me-tangerc,  L.,  and  in  North  American  species  (531). 

On  cleistogainy  in  Impatiens  fulva,  Nutt,  see  M.  A.  Loche 
(417);  on  cleistogamy  in  both  species,  see  Bennett  (72,  79). 
Impatiens  parviflora,  D.C.,  according  to  Bennett,  never  produces 
cleistogamic  flowers,  but  according  to  Henslow  it  is  liable  to 
spontaneous  self- fertilisation. 

North  American  species  of  Impatiens  are  visited  by  humming- 
birds (164). 

'Ord.  RUTACE.E. 

Si.  Rut  A  graveolens,  L— The  most  prominent  features  of 
the  flower  have  been  described  by  Sprengel. 

A  fleshy  disc  situated  beneath  the  ovary  secretes  honey  m 
eio-ht  to  ten  glands  upon  the  bases  of  the  stamens,  sometimes  in 
larger  glands  between  these,  besides  producing  small  drops  over  its 
whole  surface:  the  honey  lies  quite  exposed  and  freely  accessible. 
The  strong  scent  and  the  greenish-yellow  colour  of  the  flowers 
seem  able  to  attract  only  Hymenoptera  and  Diptera,  the  latter  in 
very  great  numbers.  The  stamens,  when  the  flower  opens,  lie 
two  in  each  of  the  petals,  which  are  hood-shaped  and  spread  out 
horizontally.  According  to  Sprengel,  two  stamens  on  opposite 
sides  of  the  flower  rise  up  simultaneously,  bending  inwards  so  that 
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their  anthers  now  covered  with  pollen  come  to  lie  above  the  ovary 
in  the  middle  of  the  flower j  as  they  wither  they  bend  back  again, 
and  two  others  take  their  place.  The  stigma  only  ripens  after  all 
the  stamens  have  withered,  so  that  all  possibility  of  self-fertilisation 
is  excluded. 

My  own  observations,  made  upon  plants  flowering  in  my  room, 
differ  from  Sprengel's  in  several  points.  In  all  the  flowers  which 
I  examined,  the  stamens  rose  up  not  in  pairs  but  singly,  and 
each  was  joined  by  its  successor  a  short  time  before  it  withered 
and  fell  back  ;  so  that  when  two  were  erect  at  the  same  time,  one 
of  them  was  at  the  close  the  other  at  the  commencement  of  its 
period.  After  all  the  stamens  have  bent  back  the  stigma  ripens, 
but  before  it  withers  the  stamens  rise  up  again ;  and  if,  through 
lack  of  insect-visitors,  they  still  retain  a  stock  of  pollen,  they  shed 
some  of  it  upon  the  stigma.  So  Treviranus'  assertion  that  the 
approach  of  the  stamens  to  the  stigma  takes  place  for  the  purpose 
of  self-fertilisation  is  not  quite  groundless ;  but  such  self-fertilisa- 
tion takes  place  only  when  the  flowering  time  is  passing  away 
without  iosect-visits  having  taken  place. 

The  whole  arrangement  of  the  flower  greatly  resembles  that  of 
Parnassia,  In  both  we  have  fully  exposed  honey  and  successive 
development  of  the  stamens  and  then  of  the  stigma ;  in  both  the 
conveyance  of  pollen  is  insured  by  the  centre  of  the  flower,  where 
an  insect  is  most  likely  to  alight,  being  occupied  successively  by  a 
pollen-covered  anther  and  a  mature  stigma ;  both  are  visited  by 
many  Diptera  and  Hymenoptera.  But  while  the  white  flowers  of 
Parnassia  are  visited  by  beetles,  the  yellowish  flowers  of  Buta  are 
altogether  avoided  by  them. 

Visitors:  A.  Diptera— (a)  Stratiomyidce :  (1)  Sargus  cuprarius,  L.  ;  (6) 
Syrphidce :  (2)  Syrpbus  ribesii,  L.,  ab.  ;  (3)  S.  nitidicollis,  Mgn.  ;  (4)  Meli- 
fchreptns  pietus,  Mgn.  ;  (5)  Ascia  podagrica,  F.  ;  (6)  Eristalis  sepulcralis,  L.  ; 
(7)  Helophilus  floreus,  L.  ;  (8)  Syritta  pipiens,  L.,  very  ab.,— all  mainly 
sucking,  but  sometimes  also  eating  pollen;  similarly  (c)  Muscidcn:  (9) 
Lucilia  silvarum,  Mgn.  ;  (10)  L.  cornicina,  F.  ;  (11)  Sarcopbaga  camaria,  L.  ; 
(12)  S.  hsemarrboa,  Mgn.  ;  (13)  S.  albiceps,  Mgn.  ;  (14)  Callipbora  erytbro- 
cepbala,  Mgn.  ;  (15)  Pollenia  rudis,  Mgn.  ;  (16)  Sepsis  ;  (17)  Antbomyia 
radicum,  L.,  very  ab.  ;  (18)  A.  obelisca,  Mgn.  ;  (19)  A.  pratensis,  Mgn.,  (tbe 
last  tbree  species  were  determined  for  me  by  Herr  Winnertz).  B.  Hymen- 
optera—(a)  Evaniaclm :  (20)  Fcenus  affectator,  F.  ;  (21)  F.  jaculator,  F.  ; 
(b)  Ichneumonidce :  (22)  various  species;  (c)  Chryddai :  (23)  Cbrysis  ignita, 
L  ;  (,/)  Sphegidm  :  (24)  Crabro  elongatulus,  v.  d.  L.  ?  ;  (25)  Oxybelus  bellus, 
Dlb.  ;  (26)  Trypoxylon  figulus,  L.  ;  (27)  Kbopalum  clavipes,  L.  ;  (28)  Agenia 
punctnm,  F.  $  ■  (29)  TipMa  minuta,  v.  d.  L.  $  ;  (e)  Vespidce  :  (30)  Odynerus 
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parietiun,  L.  ?;  (/)  Apidce:  (31)  Halictus  sexnotatus,  K.  $;  (32)  Prosopie 
Binuata,  Schenk,  ?,freq.  ;  (33)  Apis  mellifica,  L.  $ ,— all  the  Hymenoptera 
only  slicking.    See  also  No.  590,  n. 

Dictamnus,  L.,  is  visited  by  humble-bees,  whose  ventral  surfaces 
come  in  contact  with  the  reproductive  organs  of  the  flower.  In 
the  first  stage  the  style  lies  hidden  among  the  stamens,  in  the 
second  it  is  bent  outwards  with  its  mature  stigma  (178,  360, 
p.  658). 

Correct,  Sm.,  is  proterandrous,  according  to  Delpino  (178, 
p.  170). 


Ord.  CELASTRINE.E. 

85.  Euonymus  europ^a.,  L— The  honey  is  secreted  by  a 
fleshy  disc  surrounding  the  style,  and  lies  in  so  thin  a  layer  that 
it  can  only  be  attractive  to  short-lipped  insects.    The  dull  yellow 
colour  of  the  flowers  moreover  excludes  those  insects  which  are 
enticed  only  by  bright  colours.    Like  other  flowers  of  the  same 
colour,  these  are  visited  only  by  Diptera  and  Hymenoptera,  and 
especially  by  the  former ;  the  flies  run  irregularly  over  the  flowers, 
attacking  the  honey-covered  surface,  now  here  now  there,  with  then- 
outspread  '  end-flaps '  (lobelia}),  and  in  consequence  touching  anthers 
and  stigmas  now  with  one  part  of  their  bodies,  now  with  another. 
In  such  circumstances  the  flowers  could  only  attain  regular  cross- 
fertilisation  by  separation  of  the  sexual  organs,  either  in  time  or 
space.     Both  separations  have  in  fact  taken  place,  and  self- 
fertilisation,  which  had  become  unnecessary  owing  to  the  abundant 
insect-visits,  has  finally  become  impossible. 

The  four  anthers  stand  at  a  distance  from  the  stigma  upon 
stiff  filaments,  and  dehisce  directly  outwards,  while  the  stigma  is 
still  immature  and  its  lobes  remain  tightly  closed.  These  only 
separate  several  days  later,  and  again  close  up  after  fertilisation. 
Thus  self-fertilisation  cannot  take  place  without  the  aid  of  insects  ; 
and  with  their  aid  only  if  the  earlier  days  of  flowering  have  passed 
by  without  the  flower  being  visited  (cf.  Delpino,  177). 
E.  europeca  is  polygamous  according  to  Darwin  (167). 

Visitors:  A.  Diptera-(a)  SyrpUdm:  (1) EriBta us  tenax  L  igMo- 
ririltw  floreus,  L.  ;  (3)  Syrphus  ribesii,  L.  ;  (4)  Syntta  pipiens,  L.  ;  (5)  A  an  ho 
tilt  citroWsciala!  Peg.  all  sucking  ;  (»  JfM:  (6)  Mnsca  domes h*, 
L;  (7)   CallipWa.  voudtnria    K;  (8)   Sa^p  aga  «  L^JJ 
(9)  Scatopkaga  Btercorana,  L.  ;  (10)  Uucilia  coimcma,  1.,  w 
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Bibio  hortulanus,  L.,  all  sucking  ;  (12)  numerous  small  midges.  B.  Hymen- 
optera— Formicidw :  (13)  Formica  sp.  Spiders  weave  their  webs  about  these 
flowers  to  catch  the  numerous  flies.  I  saw  a  species  of  Vespa  alight  and 
capture  a  Sarcophaga  carnaria. 

Ord.  EHAMNE^. 

Palmrus  aculeatus,  Lam.,  is  distinctly  proterandrous,  according 
to  Delpino.  The  stamens  are  at  first  erect  or  inclined  slightly 
inwards,  but  bend  backwards  when  the  stigmas  develop.  The 
fertilisers  are  probably  flies  of  moderate  or  large  size  (177). 


Fig.  50. — Shamnus  Frangula,  L. 

1.  — Young  flower,  from  above. 

2.  — Ditto,  after  removal  of  the  anterior  half  of  the  calyx 

3.  — Older  flower,  from  above. 

«,  sepal ;  p,  petal ;  a,  anther ;  at,  stigma ;  ov,  ovary  ;  n,  nectary. 

86.  Rhamnus  Frangula,  L.— The  receptacle  forms  a  hemi- 
spherical, fleshy  disc,  which  secretes  and  contains  the  honey 
It  a  produced  at  its  margin  into  five  triangular  white  calycine 
lobes  which  are  directed  obliquely  outwards  in  the  flowering 
period.  Between  these  sepaline  lobes,  there  occur  on  the  margin 
oi  the  receptacle  five  small  white  bi-lobed  petals ;  close  below 
them,  and  half  surrounded  by  them  are  five  stamens,  which  are 
inclined  inwards,  and  dehisce  introrsely. 

M  2 
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From  the  base  of  the  flower  rises  the  ovary  ;  whose  short  style 
is  terminated  by  a  bi-lobed  stigma  below  the  level  of  the  stamens. 
When  the  anthers  dehisce,  the  stigmatic  lobes  are  still  small,  and 
probably  incapable  of  fertilisation,  but  when  the  stamens  wither, 
they  are  four  times  as  large  as  at  the  commencement  of  flowering 
(Fig.  50).  The  flowers  are  thus  proterandrous.  An  insect  sucking 
the  honey  must  touch  the  stamens  with  one  side  of  its  head  or 
proboscis,  and  the  stigma  with  the  other;  in  this  case  self- 
fertilisation  cannot  occur,  though  the  stigma  and  anthers  ripen 
at  the  same  time,  but  cross-fertilisation  proceeds  regularly. 
Pollen-collecting  insects  and  sometimes  even  those  sucking 
honey,  if  they  thrust  their  heads  several  times  into  the  same 
flower,  effect  self-fertilisation  as  well  as  cross-fertilisation.  ^ 

The  honey  on  account  of  its  open  situation  is  accessible  to 
very  various  insects,  but  the  flowers  are  so  inconspicuous  that  they 
are  very  little  visited.  Self-fertilisation  can  take  place  if  needed, 
as  the  stamens  on  withering  may  shed  their  pollen  on  the  now 
mature  stigmas. 

Visitors:  A.  Hymenoptera- (a)  Apidce :  (1)  Apis  mellifica,  L.  ?,s.  and 
cp.  ;  (2)  Bombus  agrorum,  F.  ?  ? ,  s.  ;  (3)  Macropis  labiata,  Pz.  $ ,  s  ;  (6) 
Vespidce:  (4)  Vespa  silvestris,  Scop,  ab ,  s.  ;  (5)  Eumenes  pomitormis,  L.,  s. 
B.  Diptera— (6)  Culex  pipiens,  L.  £ ,  s. 

Rhamnus  lanceolatus,  Pursh.,  is  dimorphic,  according  to  Darwin, 
but  it  is  not  heterostyled  in  the  strict  sense  (Darwin,  167). 

Mamnns  pumilus,  L.-The  size  of  the  flower  and  the  number 
of  its  parts  is  reduced  in  this  species,  but  the  plant  is  visited  by 
numerous  insects.  The  flower  is  generally  tetramerous,  and  the 
petals  exhibit  all  stages  of  abortion  to  complete  disappearance 

^Mamnns  cathartious,  L.,  is  dioecious,  with  two  sub-forms  of  each 
sex  (167). 

Obd.  SAP1N~DACEjE. 
Seriania  cuspidata,  St.  Hil.-The  flower  resembles  the  labiate 
type,    and,    like   Panllmia,    L.,    and    Cardxospermnm,   L.,  is 

HS^.  of  Acer,  according  to  Delpino,  are  proterandrous 
and  are  fertilised  by  flies  (178,  360). 

87  iEscuLUS  Hippocastanum,  L.-The  arrangement  of  the 
flower  was  thoroughly  described  by  Sprengel.    My  own  notes  and 
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drawings  of  the  horse-chestnut  flower,  made  before  I  became 
acquainted  with  Sprengel's  work,  differ  in  one  point  from  his 
account,  and  agree  with  that  of  Hildebrand.  While  Sprengel 
declares  that  in  the  younger  flowers  insect-visitors  come  in  contact 
only  with  the  stamens  because  the  style  is  as  yet  low  down,  I 
found  just  the  opposite  condition,  as  the  annexed  figures  show. 
Although  I  neglected  to  compare  microscopically  stigmas  of  younger 
and  older  flowers,  I  can  hardly  doubt  that  Hildebrand  is  right 
in  stating  the  hermaphrodite  flowers  of  the  horse-chestnut  to  be 
proterogynous.  According  to  Dr.  Ogle  (632),  there  occur  usually 
in  the  lower  part  of  each  inflorescence  flowers  whose  anthers  fall 
off  without  dehiscing  although  their  loculi  are  full  of  pollen,  and 
which  thus  play  the  part  of  purely  female  flowers. 

The  chief  fertilisers  are  humble-bees ;  therefore  the  dimensions 
of  the  flower  are  just  such  as  to  suit  these  insects.     The  style 


Fig.  51. — JEsculus  Sippocastannm. 

1.  — Section  of  male  flower. 

2.  — Hermaphrodite  flower  in  first  (female)  stage,  seen  obliquely  from  the  front. 

3.  — Section  of  ditto,  in  second  (male)  stage. 

a,  anther  ;  n,  nectary  ;  ov,  ovary  ;  ov'  rudimentary  ovary  ;  9,  sepal ;  p,  petal. 


and  stamens  protrude  so  far  from  the  flower  (in  a  curve  concave 
superiorly),  that  a  bee  on  alighting  just  touches  stigma  or  anthers 
with  the  hinder  part  of  his  body.  The  legs  fit  into  the  interspaces 
between  the  petals,  so  that  the  insect  finds  itself  at  once  in  the 
most  convenient  position  for  sucking,  and  immediately  thrusts 
its  proboscis  in  the  direction  n  (1,  3,  Fig.  51)  into  the  honey- 
holding  base  of  the  flower.  Such  a  position  also  permits  the 
insect  to  fly  away  very  readily,  and  thus  the  whole  time  occupied 
is  reduced  to  a  minimum  :  alighting,  thrusting  in  the  proboscis, 
and  flying  away  again  is  the  work  of  a  few  seconds. 

Other  bees,  whose  dimensions  do  not  correspond  so  well  to 
those  of  the  flowers,  have  to  spend  more  time  over  the  operation. 
The  humble-bee  is  also  favourably  placed  for  carrying  off  pollen 
on  the  tarsal  brushes  of  the  middle  and  hindlegs.    The  quick 
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action  of  the  insects  is  of  as  much  importance  to  the  plant  as 
to  themselves :  for  the  quicker  they  work,  the  more  young 
hermaphrodite  flowers  get  fertilised  in  the  same  time,  with  pollen 
from  male  flowers  or  older  hermaphrodite  flowers ;  and  this  in 
changeable  weather  is  an  important  consideration. 

I  liave  only  seen  the  following  humble-bees  visiting  the  horse-chestnut : — ■ 
(1)  Bombus  terrestris,  L.  ;  (2)  B.  lapidarius,  L.,  both  species  s.  and  c.p., 
though  I  have  heard  bees  humming  all  day  long  about  the  trees  in  flower  in  a 
neighbouring  garden.  My  notes  for  visitors  to  this  plant  refer  only  to  a  single 
afternoon  (May  14, 1867).  The  other  visitors  noticed  were  : — (3)  Apis  mellifica, 
L.  9,s.  and  c.p.,  very  ab.  ;  (4)  Eucera  longicornis,  L.  $ ,  s.  ;  (5)  Osmia  rufa, 
L.  $ ,  s.  ;  (6)  Halictus  rubicundus,  Christ.,  $ ,  c.p.  ;  (7)  Andrena  sp. 

In  ^Esculus  Pavia  (rubicunda),  D.C.,  according  to  Hildebrand, 
all  the  hermaphrodite  flowers  are  proterogynous,  as  in  Mscnlus 
Hippocastanum  ;  but  the  first  flowers  of  each  inflorescence  are  male 
only,  to  supply  pollen  for  the  opening  proterogynous  flowers  (351). 


Ord.  AN  AG  ARB  I  AG  EJE. 

Pi 


1. — Male  flower. 


Fig.  52.— Bhus  Cotinus,  L. 
2.— Hermaphrodite  ditto.  3.— Female  ditto. 


71,  nectary. 


88.  Bhus  Cotinus,  L.  (the  Wig-tree).— Bhus  Cotinus  shows  all 
possible  transitional  stages  between  staminate,  hermaphrodite,  and 
pistillate  flowers  :  the  first  of  these  are  largest,  most  expanded,  and 
most  conspicuous;  the  last  are  least  so.  Hence,  most  -  insect- 
visitors  come  to  these  flowers  in  the  most  advantageous  order. 
(Cf.  Ribes  alpmum,  Salix,  Bryonia,  Asparagus) 

In  both  staminate  and  pistillate  flowers  of  B.  Cotinus  traces  of 
the  aborted  organs  remain  visible. 

The  flowers  secrete  abundant  honey  on  the  orange-red  fleshy 
disc  surrounding  the  ovaries,  and  display  it  conspicuously 
They  are  visited  by  numerous  insects,  chiefly  forms  with  short 
proboscides.    Cross-fertilisation  is  usually  effected  even  m  the 
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hermaphrodite  flowers  owing  to  the  wide  separation  of  the  stamens 
and  pistil.  Like  all  other  flowers  of  a  dull  yellow  colour  they  are 
almost  completely  avoided  by  Coleoptera. 

Visitors:  A.  Diptera-(a)  Syrphidce :  (1)  Helophilus  floreus,  L.,  very  ab.  ; 
(2)  H  pendulus,  L. ;  (3)  Syritta  pipiens,  L.,  very  ab.,  all  three  s.  and  i.p.  ;  - 
(b)  Huscidce:  (4)  Calliphora  erythrocephala,  Mgn.  ;  (5)  Sarcophaga  carnana, 
L.  ;  (6)  Lucilia  cornieina,  F.,  s.,  also  several  undetermined  flies  and  gnats. 

B.  '  Coleoptera— Dermestkke  :  (7)  Anthrenus  pimpinellse,  F.,  licking  honey. 

C.  Hymenoptera—  (a)  Tenthredinidce :  (8)  Tenthredo  marginella,  Kl. ;  (b) 
Sphegidm:  (9)  Oxybelus  uniglumis,  L.  ;  (10)  Gorytes  campestris,  L.  ;  (c) 
Vespidce:  (11)  Eumenes  pomiformis,  Spin.;  (12)  Odynerus  sinuatus,  F.  ; 
(13)  0.  spinipes,  H.  Sch.  (quinquefasciatus,  F.),  the  last  six  all  licking  honey  ; 
(d)  Apidce :  (14)  Andrena  albicans,  K.  ? ,  c.p.  ;  (15)  Halictus  sexstrigatus, 
Schenck,  $  ;  (16)  H.  sexnotatus,  K.  ?  ;  (17)  Apis  mellifica,  L.  $ ,  the  last 
three  sucking  honey. 

89.  Rhus  typhina,  L— I  have  had  little  opportunity  of 
watching  the  flowers  of  this  plant  at  the  proper  season.  They  are 
very  conspicuous,  and  secrete  abundant  and  easily  accessible  honey, 
and  the  possibility  of  self-fertilisation  is  excluded  by  dicecism.  I 
have  as  yet  only  observed  the  following  visitors  : — 

A.  Hymenoptera— Apidce  :  (1)  Apis  mellifica,  L.  $ ,  very  ab.,  s.  ;  (2) 
Prosopis  communis,  Nyl.  ?  ^ ,  s.  B.  Neuroptera— (4)  Panorpa  communis,  L. 
licking  honey. 

According  to  Delpino,  many  species  of  Rhus  are  proterandrous 
and  fertilised  by  flies  (177). 


Okd.  CORIAEIE^l. 

Coriaria  myrtifolia,  L.,  is  markedly  proterandrous,  according  to 
Hildebrand,  and  the  first  flowers  are  male  only  (356). 


Ord.  LEGTJMINOSM 
Tribe  Lotece. 

90.  Lotus  corniculatus,  L. — The  structure  of  the  flower  of 
Lotus  corniculatus  is  described  briefly  by  Delpino  (172,  p.  25).  He 
gives  it  as  an  example  of  a  papilionaceous  flower  furnished  with 
a  piston-apparatus,  and  he  subsequently  compared  it  fully  with 
Coronilla  Evxerus  (178,  pp.  39-44).  I  have  devoted  especial 
attention  to  the  fertilisation  of  these  plants,  and  I  shall  discuss 
their  structure  fully. 
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The  anthers  dehisce  in  the  bud,  whilst  both  carina  and  ala?  are 
still  covered  by  the  vexillum,  and  before  any  of  the  petals  have 
nearly  attained  their  full  size.  At  an  earlier  period  the  five  outer 
stamens,  which  alternate  with  the  petals,  and  the  five  inner 
stamens  are  unequally  developed,  so  that  the  anthers  form  two 
whorls,  one  behind  the  other  round  the  style ;  but  when  they  are 
ready  to  dehisce  all  ten  stamens  are  of  equal  length,  and  their 


Fig.  53. — Lotus  corniculatus.  Ij. 

1.  — Front  view  of  flower. 

2.  — Oblique  view. 

3.  — side  view,  after  removal  of  tlie  vexillum. 

4.  — Flower,  seen  from  above,  after  removal  of  the  vexillum. 
5  —Side  view,  after  removal  of  the  alaj,  more  mngnilied. 

6.— From  the  right  side,  after  careful  removal  of  tlie  right  half  of  the  carina. 
7 —Flower  viewed  from  above,  after  removal  of  the  vexillum  and  aire. 

8  —The  essential  organs  inclosed  in  the  front  half  of  the  carina,  as  shown  in  6,  more  magnified. 

9—  Side  view  of  the  essential  organs  from  a  bud.  immediately  after  the  pollen  has  been  shed. 
A  comparison  of  8  and  0  shows  how  much  longer  and  thicker  the  outer  stamens  become  during  the 
interval  between  the  shedding  of  the  pollen  and  the  opening  of  the  flower. 

10—  The  same  organs  seen  from  above,  to  show  how  the  outer,  terminally-thickened  stamens 

sprin"-  apart  when  freed  from  the  pressure  of  the  carina 

11 —  The  nine  svnadelphous  stamens  of  a  fully  developed  flower  spread  out. 

a  entrances  to 'the  honey  ;  6.  the  upward  curvature  of  the  free  stamens  ;  c.  the  carinal  depres- 
sions into  which  fit  the  two  depressions  of  the  alffi  (c')  :  d,  the  five  inner  stamens,  which  remain 
short  •  "  the  five  outer,  which  grow  long  and  club-shaped  ;  /,  stigma  ;  e-g,  apex  of  carina,  full  of 
pollen  ;  g,  orifice  through  which  the  pollen  is  expelled. 

anthers  reach  to  the  base  of  the  conical  apex  of  the  carina.  The 
ends  of  the  filaments  are  still  very  much  alike,  but  the  five  outer 
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show  a  slight,  club-shaped  thickening,  which  afterwards  becomes 
ZL  more°  apparent ;  the  five  inner,  including  the  ~P^f£*£ 
stamen  remain  unthickened  throughout.    The  anthers  while  yet 
u  ;  twice  as  broad  as  the  ends  of  the  filaments,  dehisce  m  the  base 
of  the  cone,  completely  filling  it  with  Vo^  ^  ^^  ^ 
discharged  their  contents  they  shrivel  up  to  a  fourth  of  their  former 
21     All  the  petals  now  grow  to  their  full  size,  and  the  five 
outer  stamens  elongate  and  the  ends  of  their  filaments  thicken,  so 
that,  in  spite  of  the  continual  growth  of  the  carina,  they  still  reach 
to  the  hollow  cone  formed  by  its  apex,  and  completely  fill  its  lower 
and  wider  portion  notwithstanding  that  the  five  inner  stamens 
have  remained  behind.   When  the  flower  has  reached  maturity,  the 
essential  organs  occupy  the  relative  positions  shown  m  8,  big.  bd. 
The  five  inner  stamens  (cl)  are  useless  after  shedding  their  pollen, 
and,  far  outstripped  in  development  by  the  other  organs  they  he 
shrivelled  up  in  the  lower  and  wider  part  of  the  carina.    The  live 
outer  (e)  which  have  still  an  important  part  to  play,  have  continued 
to  grow,  and  lie  with  their  thickened  ends  tightly  closing  in  the 
base  of  the  hoUow  cone  now  filled  with  pollen.    Somewhat  below 
the  apex  of  the  carina  lies  the  stigma  (/),  and  at  the  apex  (near  g) 
is  a  narrow  opening;  the  entire  space  between  the  thickened 
filaments  and  the  orifice  is  filled  with  compressed  pollen,  and  thus 
the  piston-mechanism  is  complete.    On  the  application  of  a  slight 
downward  pressure  to  the  carina,  the  thickened  filaments  are 
forced  further  into  the  apical  cone  of  the  carina,  and  squeeze  a 
certain  amount  of  pollen  through  the  orifice  in  a  narrow  ribbon. 
When  the  pressure  ceases,  the  thickened  filaments,  thus  squeezed 
together,  tend  to  spring  apart,  and  so  raise  up  the  apical  cone  and 
restore  the  whole  carina  to  its  former  position ;  the  elasticity  of  the 
carina  itself  assists  in  this  action.    If  the  carina  be  drawn  or 
pressed  still  further  down,  the  end  of  the  style  protrudes,  covered 
with  pollen,  from  the  orifice.    When  the  pressure  ceases  it  returns 
again  into  the  carina ;  but  the  edges  of  the  orifice,  which  readily 
yield  to  a  pressure  from  within  and  allow  the  stigma  and  pollen  to 
pass  out  without  hindrance,  spring  together  and  scrape  off  almost 
the  whole  of  the  pollen  from  the  stigma  as  it  returns  within 
the  carina. 

As  soon  as  the  piston-mechanism  has  become  so  far  complete,  the 
vexillum  rises  up  perpendicularly  so  as  to  direct  its  broad,  dark 
yellow  surface  straight  to  the  front,  and  both  the  alee  arch  their 
surfaces  into  two  hemispheres  inclosing  the  carina,  so  as  to  strike 
the  eye  equally  well  from  before,  from  behind,  or  from  either  side. 
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The  fleshy  thickened  base  of  the  coalesced  stamens  secretes  honey 
on  the  inner  surface,  which  lies  surrounding  the  base  of  the  ovary 
and  is  only  to  be  reached  through  two  small  openings  on  either 
side  of  the  base  of  the  superior  stamen,  and  the  flower  is  now 
ready  to  receive  insect-visitors  (1,  2,  Fig.  53).  It  only  remains  to 
explain  how  the  downward  pressure  of  the  carina  is  effected.  This 
important  service  is  rendered  by  the  alae.  They  form  a  platform 
for  the  insects,  and  are  so  combined  with  the  carina  that  it  is  bent 
downwards  along  with  them.  Each  ala  has  at  the  base  of  its  limb  a 
deep  depression  (3,  c'),  which  fits  into  a  corresponding  hollow  on  the 
upper  surface  of  the  base  of  the  carina  (5,  c),  and  close  behind  this 
spot  the  upper  edges  of  the  alae  cohere  together.  If  a  bee  comes, 
and,  whilst  clasping  the  alae  with  its  mid  and  hindlegs,  thrusts  its 
head  and  forelegs  under  the  vexillum  to  insert  its  proboscis  into 
either  of  the  honey- passages,  the  alae  and  with  them  the  carina 
bend  downwards,  and  a  quantity  of  pollen  oozes  through  the  tip 
of  the  carina  and  becomes  attached  to  the  hairy  ventral  surface  of 
the  bee.  If  the  bee  forces  its  way  further  into  the  flower  and  thus 
presses  the  alae  and  carina  down  still  more,  the  stigma  protrudes 
from  the  apex  of  the  carina  and  rubs  against  the  ventral  surface 
of  the  insect. 

The  insect's  belly  is  covered  with  innumerable  pollen-grains 
from  the  same  and  from  previously  visited  flowers,  and  cross- 
fertilisation  takes  place  without  fail.  And  it  is  scarcely  possible 
to  doubt,  though  it  is  hard  to  prove  by  direct  observation, 
that  the  pollen  brought  from  other  flowers  is  prepotent  in 
its  action. 

Delpino  considers  that  the  stigma  does  not  become  capable  of 
fertilisation  until  its  papillae  have  been  slightly  rubbed,  by  which 
the  stigmatic  surface  is  made  sticky.  If  this  view  is  correct,  cross- 
fertilisation  must  take  place  regularly,  in  the  course  of  repeated 
visits,  since  the  stigma  must  be  cleared  of  its  own  pollen  before  its 
papillae  become  exposed  to  friction.  In  either  case  it  is  very  much 
to  be  desired  for  the  sake  of  a  clear  understanding  of  the  mechanism 
of  this  flower,  that  experiments  should  be  instituted  to  show 
whether  Lotus  does  or  does  not  produce  seed  when  protected  from 
insects. 

The  process  of  squeezing  out  a  little  ribbon  of  pollen  by  de- 
pressing the  carina  may  be  repeated  eight  to  twelve  times,  if  the 
carina  is  pressed  down  only  a  little  way  each  time.  But  bees  when 
collecting  pollen  press  the  alae  and  carina  down  as  far  as  possible  to 
get  all  the  pollen  that  they  can,  so  that  the  supply  is  exhausted 
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after  a  very  few  visits.  Bees,  and  especially  these  with  ahdomiaal 
collecting-hrushes,  are  the  chief  fertilisers  ef  the  plant. 

Visitors  -  A  Hymenoptera-W  4l**"<  Bees  with  ■bdo™'"1  coIle?U °8' 
br»I  e"         Osai  ■a.em.pf,  Scasnck,  ?  (L. 

serratulaa,  Pz.  ?  d  (L"-  bicW'  ne1- »  W^"-  e  .       °      _  .  ,T   sl -i  \    b  . 

(6)  M.  pyrina,  Lep.  ?.'<?,  fteq.  ;  (7)  M.  circunicincta,  K   ?  j  (L-  SkL  ,  ab.  , 

lctp2tUaS  su£  LV™2'  *«  ;  W  B«  with  and 
£  iting-bastets  ;  (11)  Bombus  agroruni,  F  ?  ?  ,  s,  ^  ^.^j 
(12)  B.  terrestris,  L.  ?  do.  ;  (13)  Apis  melhEc,  L  ? ,  very  ab.,  do  (14) 
Eu  era  longicorni's,  L.  ?  <?,  very  ab.,  only  ,  ;  (16 ;)  Rhophites  canus^  Eversm 
?  X  (Thur?),  s.  ;  (16)  Andrena  labialis,  K.  ?  ,  s.  ;  (17)  A.  xanthura,  K  ? ,  c.p 
(18)  A.  convexiuscula,  K.  ?,  s.  and  c.p.  ;  (19)  Halictns rabicund™,  Chr.  ?,. 
Ldc.p.;  (20)  H.  flavipes,  K.  $ ,  s. ;  (c)  Cuckoo-bees ,:  (21 )  ^omada  ruficorn 
L.  ?,  s.;  (22)  Ccalioxys,  sp.  $,  s.    B.  Diptera-(a)  Compute:   23)  Conops 
flavipes  L.  (4—5),  s.  only  observed  once-thrusting  its  tongue  beneath  the 
vexillum  ;  (6)  Syrphidce  :  (24)  Melanostoina  mellina,  L.,  b.p.   0.  Lepidoptera 
-(a)  Mopalocera:  (25)  Lyceena  Icarus,  Rott.,  s.  ;  (26)  Hespena  tages,  L.  s.  ; 
(27)  H.  alveolus,  H.  s.  ;  (b)  Sphinges:  (28)  Sesia  empiformis,  E.  (Thur)  s.  ; 
29    Zygena   lonicerae,   Esp.  (Thur.),  s. ;   (c)   Bombyces :   (30  Porthesia 
auriflua   S.  V.  (sucking  vainly  for  honey);   (d)  Noctuoe :   (31)  Euclidia 
alyphica,  L,  s.    Lepidoptera  and  Conops  thrust  their  tongues  beneath  the 
vexillum  without  perceptibly  depressing  the  carina  ;  they  were  therefore  quite 
useless  for  fertilisation. 

Twenty-seven  additional  visitors  (19  Apidse,  5  Lepidoptera 
3  Diptera)  are  recorded  in  my  Weitere  Beobachtwigm,  II.  p.  246. 
Altogether,  I  have  observed  upon  Lotus  : — 


Apidse. 

Lepidoptera. 

Diptera. 

Total. 

In  Low  Germany  

17 

25 

1 

43 

On  the  Alps 

41 

12 

3 

56 

That  is  to  say,  in  each  hundred  species  of  visitors  there  are  :- 

Apidfe. 

Lepidoptera. 

Diptera. 

Total. 

In  Low  Germany... 

39-5 

58-1 

2-3 

999 

On  the  Alps 

73-2 

21-4 

5-3 

99-9 
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91.  Anthyllis  vulneraria,  L.— Anthyllis  vulneraria  belongs 
to  the  group  of  papilionaceous  flowers  with,  piston-mechanism,  but 
it  differs  so  strikingly  from  Lotus  in  many  points  that  it  deserves  a 
special  description. 

The  very  long  claws  of  the  petals  are  surrounded  by  a  calyx, 
9  to  10  mm.  long,  somewhat  swollen  in  the  middle  and  covered 
with  soft  hairs  (1  a,  Fig.  54).  From  this  the  vexillum  projects  to  a 
distance  of  6  to  7  mm.,  inclined  obliquely  upwards  ;  a  groove  on  the 
lower  part  of  its  blade  (7  V)  receives  the  alae,  and  two  rounded  lobes 
at  its  base  (7  d,  d)  clasp  round  them  inferiorly,  so  that  the  alas  are 
completely  embraced  by  the  vexillum. 


Fig.  54. — Anthyllis  vulneraria,  L 

1.  — Flower  from  below. 

2.  — Ditto,  from  the  side,  after  removal  of  the  calyx. 

3.  — Ditto,  from  above  ;  the  vexillum  also  has  been  removed. 

i. — Anterior  half  of  the  carina  seen  obliquely  from  the  left  side  and  above, 

5.  — Anterior  half  of  carina  and  the  right  ala. 

6.  — Lower  side  of  left  ala  :  the  claw  is  cut  short. 

7.  — Vexillum  from  below  (1— 7  x  3J). 

8.  — Apex  of  carina,  after  removal  of  its  left  half  (x  7). 

a,  calyx  ;  6,  under  side  of  vexillum  ;  !>',  its  groove  ;  c,  upper  (outer)  surface  of  vexillum  ;  <i,  lobes 
of  vexillum  which  grasp  the  alee  and  carina  ;  e,  inner,  /,  outer,  sides  of  ala  ;  g,  deep  narrow  groove 
on  the  outside  of  the  vexillum,  visible  inside  as  a  sharp  ridge,  h  ;  i,  hollow  in  the  upper  surface  of 
the  carina  (7c),  into  which  the  ridge  h  fits  ;  I,  sharp  process  or  tooth  of  the  carina,  which  fits  into  a 
hollow  h\  behind  the  ridge  h ;  m,  carinal  orifice,  at  which  the  pollen  emerges  ;  m',  anterior  infolding 
of  the  upper  border  of  the  ala  ;  n,  column ;  o,  entrance  to  the  honey ;  p,  thickened  ends  of  the 
filaments  ;  q,  empty  withered  anthers  ;  r,  pollen  ;  s,  stigma  ;  I  t,  claws  of  the  alas. 


An  insect  which  tries  to  reach  the  honey  at  the  base  of  the 
flower  must  grasp  the  sides  of  the  alae  and  thrust  its  proboscis  (at 
least  9  to  10  mm.  long)  under  the  vexillum. 

The  alse  surround  the  carina,  and  are  so  connected  with  it  that 
when  the  alse  are  depressed  the  carina  is  forced  down  with  them. 
This  connection  is  formed  in  three  ways  :  (1),  a  deep  narrow  groove 
(3,  g)  exists  at  the  base  of  each  ala,  appearing  on  the  inner  side  as 
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a  sharp  ridge  (5,  6,  h)  which  fits  into  a  groove  on  the  carina  (4,  5,  i) ; 
(2),  a  sharp  triangular  tooth  (4,  5,  I)  is  borne  by  the  carina  behind 
this  groove,  and  catches  in  the  space  (5,  6,  li)  behind  the  ridge  on 
the  inner  surface  of  the  ala  ;  and  (3),  the  upper  borders  of  the  alse 
are  folded  inwards  for  a  short  space  (3,  5,  6,  m'),  and  at  this  fold 
they  cohere  together  above  the  carina.  Close  in  front  of  the  spot 
where  the  upper  borders  of  the  alas  are  thus  firmly  applied  to  each 
( ither,  the  apex  of  the  carina  emerges  when  the  alas  are  pressed  down. 
The  upper  margins  of  the  carina  are  coherent  except  at  the  apex, 
where  they  leave  a  longitudinal  slit,  and  when  the  carina  (along 
with  the  alse)  is  depressed,  there  emerges  from  this  slit  a  ribbon- 
shaped  mass  of  pollen,  pressed  forwards  by  the  thickened  ends  of 

the  ten  stamens  (8,  p). 

When  the  pressure  is  removed  the  alse  and  carina  return  to  their 

former  position  ;  when  they  are  again  pressed  down  another  portion 
of  pollen  is  pressed  out.  After  the  greater  part  of  the  pollen  has 
been  squeezed  out  in  this  way,  the  stigma  (8  s)  emerges  at  the  same 
slit;  it  has  lain  imbedded  in  pollen  in  the  carina  but  emerges  free 
from  it,  for  its  papilla?  are  not  yet  adhesive  and  the  pollen-grains  are 
scraped  off  by  the  edges  of  the  slit. 

If  the  stigma  is  rubbed  with  slight  pressure  over  a  glass  plate  a 
line  of  moisture  marks  its  course ;  if  it  be  now  brought  in  contact 
with  pollen,  the  pollen  adheres  to  it  so  firmly  that  it  is  not  easily 
removed.  Doubtless  the  same  effect  is  produced  by  insect-visits  ; 
the  flower  gives  up  pollen  to  the  ventral  hairs  of  its  first  visitors  ; 
and  after  its  pollen  is  spent,  the  superficial  cells  of  the  stigma 
coming  in  contact  with  the  insect  get  ruptured  and  exude  their 
fluid  contents ;  pollen  from  other  flowers,  with  which  the  insect  is 
already  dusted,  now  adheres  to  the  stigma  and  the  act  of  cross- 
fertilisation  is  complete.  Whether  in  absence  of  insects  the  flower 
is  fertilised  by  its  own  pollen  has  still  to  be  decided  by  a  simple  ex- 
periment. I  observed  the  following  bees  fertilising  this  plant  near 
Muhlberg  in  Thuringia,  July  11th  to  14th,  1868  :— 

(1)  Bombus  silvarum,  L.  ?  (101),  s.  ;  (2)  B.  hortorum,  L.  ?  (21),  s.  ;  (3) 
''•  muscorum,F.  $  (13—14),  s.  ;  (4)  Osmia  aurulenta,  Pz.  ?  (8—9),  c.p.,  (all 
very  frequent).  I  also  saw  Lycaaia  alsus,  W.  V.  $ ,  and  a  Capsus  vainly 
attempt  in-  to  suck  the  honey.  I  have  seen  it  visited  on  the  Alps  by  12 
species  of  bees,  and  10  of  Lepidoptera  (609). 

Dorycnium  (Bonjeania)  hirsutism,  Ser.— According  to  Delpino, 
the  flower  has  a  piston-action,  and  the  ends  of  the  filaments  are 
thickened  (179,  p.  45). 

1  These  numbers  in  brackets  indicate  the  length  of  the  insect's  proboscis. 
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Tribe  Tri/olice. 

92.  Ononis  spinosa,  L. — This  plant  also  has  flowers  with  a 
piston-mechanism,  which  however  differ  materially  both  from  Lotus 
and  Anthyllis.  They  are  devoid  of  honey,  and,  like  almost  all  the 
honeyless  Papilionacese,  monadelphous,  for  the  separation  of  the 
superior  stamen  in  other  forms  is  only  useful  in  giving  access  to  the 
honey.  The  alse,  which  serve  as  in  most  other  Papilionacese  for 
bees  to  alight  on,  and  as  levers  to  depress  the  carina,  embrace  the 
upper,  part  of  the  carina  (3,  Fig.  55)  and  are  united  to  it  by  two 
projections  directed  downwards  and  forwards  (5  d),  which  fit  into 
deep  grooves  in  the  two  halves  of  the  carina.  Two  lobes  at  the 
base  of  the  upper  borders  of  the  alee  (3,  6,  e)  directed  backwards, 
but  not  pouched,  lie  over  the  staminal  column  without  touching  it, 


Fig.  55.-  Ononis  spinosa,  L. 

1.  — Essential  organs  from  a  bud. 

2.  — Ditto,  from  a  flower  (  X  7). 

3.  — Flower,  from  the  side,  after  removal  of  calyx  and  vexillum.  .„j  i,™„,  sinmpiits 

4.  -Some  stamens,  more  magnified,  to  show  the  difference  between  the  outer  and  inner  filaments. 

5.  — Left  ala,  from  the  inside. 

MrfMtaS  pollen,  seen  through  the  carina:  d,  alar  processes  pointing  down- 
wards and  forwards  ;  e,  lobe  of  the  upper  border  of  the  ala,  pointing  backwards. 


and  can  give  little  help  in  keeping  the  parts  in  their  proper  places. 
The  two  alas  never  cohere  with  one  another. 

The  upper  borders  of  the  carina  cohere  at  first,  leaving  a  small 
opening  at  the  tip,  and  the  pollen  is  squeezed  out  as  in  Lotus.  But 
sooner  or  later  after  repeated  depressions  this  suture  ruptures,  and 
now  if  the  carina  be  depressed  the  anthers  themselves  emerge.  If  the 
carina  was  not  thrust  down  too  far  they  return  within  the  carina 
when  the  pressure  is  relieved  ;  but  if  the  carina  was  pressed  violently 
down,  as  it  frequently  is  by  bees,  the  anthers  remain  along  with  the 
stigma  partly  or  wholly  exposed. 


PAKT  III.] 


THE  MECHANISMS  OF  FLOWERS. 


175 


We  must,  therefore,  take  young  flowers,  to  see  the  squeezing 
out  of  the  pollen.  Thus  the  flowers  of  Ononis  afford  a  stage  inter- 
mediate between  Lotus  with  its  piston-mechanism,  and  Melilotus  in 
which  the  reproductive  organs  simply  emerge  from  the  carina. 

In  regard  to  the  formation  of  the  "piston,"  Ononis  stands 
between  Lotus  and  Anthyllis.  In  Lotus  the  five  outer  filaments, 
which  alternate  with  the  petals,  are  thickened  at  their  ends  to 
express  the  pollen ;  in  Anthyllis  the  ends  of  the  filaments  are  all 
thickened  alike ;  in  Ononis  they  are  all  thickened,  but  the  outer 
whorl  much  more  so  than  the  inner.  While  the  outer  stamens  thus 
perform  the  function  of  a  piston  to  a  greater  extent  than  the  inner, 
the  inner  (1  b)  produce  pollen  in  much  larger  amount  than  the  outer 
(1  a).  This  is  an  interesting  step  towards  separation  of  the  two 
whorls  of  stamens  for  two  distinct  purposes. 

Though  the  flowers  of  Ononis  possess  no  honey  they  are  visited 
by  numerous  bees,  but  in  the  number  of  their  visitors  they  are  far 
behind  Lotus,  which  has  abundant  honey.  It  is  curious  that  not  only 
female  bees  but  males  also  often  visit  several  flowers  in  succession 
and  perform  all  the  actions  of  sucking.  They  have  obviously  no 
outward  token  of  the  lack  of  honey,  but  must  discover  it  by 
experience.  The  females,  after  making  sure  that  there  is  no  honey, 
take  to  collecting  pollen ;  the  males,  on  the  other  hand,  abandon  the 
flowers  after  a  few  vain  attempts,  though  they  may  remain  some 
time  about  the  plant  in  pursuit  of  the  female.  The  visitors  are  ex- 
clusively bees,  and  mainly  forms  with  abdominal  collecting-brushes. 

A.  Bees  with  abdominal  collecting-brushes  :  (1)  Osmia  aurulenta,  Pz.  ? 
(Thur.),  ab. ;  (2)  0.  amea  L.  $ ,  freq.  ;  (3)  Megachile  versicolor,  Sm.  ?  (Haar)  ; 
(4)  M.  pyrina,  Lep.  $  <J,  freq.;  (5)  M.  circumcincta,  K.  ?,  ab.  ;  (6)  M. 
maritima,  K.  $  ;  (7)  Anthiclium  manicatum,  L.  $  ab. ;  (8)  A.  punctatum, 
Latr.  $  $  ■  (b)  Bees  with  tibial  pollen-baskets :  (9)  Apis  mellifica,  L.  $  ;  (10) 
Cilissa  leporina,  Pz.  ?  ;  (11)  Anthophora  quadrimaculata,  Pz.  ?  ab.  (Thur.)  ; 
(12)  Borabus  lapidarius,  L.  $ ;  (13)  B.  terrestris,  L. 

Ononis  rejocns,  L.,  is  also  visited  exclusively  by  bees  (590,  II. 
p.  254). 

According  to  Bentham,  most  species  of  Ononis  in  southern 
Europe  are  liable  to  abortion  of  the  corolla  in  spring,  and  cleisto- 
gamic  self-fertilisation  then  takes  place  (399,  p.  67;  53 1,  p.  312). 

Parocluctus,  Ham.,  has  cleistogamic  flowers,  according  to  Kuhn. 

93.  Medicago  sativa,  L.— Although  the  mechanism  of  tins 
riowcr  has  been  sever,!  times  the  subject  of  careful  study,  it  is  by 
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no  means  fully  explained  yet.  I  hope  at  least  to  advance  our  know- 
ledge of  the  means  by  which  the  elastic  tension  of  the  parts  is 
produced  and  controlled.  Medicago  sativa  has,  like  Sarothamnus 
scoparius  and  Genista  tinctoria,  explosive  flowers.  As  in  these 
latter,  the  staminal  column  before  explosion  is  inclosed  within 
the  carina,  whose  upper  edges  cohere  together  ;  and  when  an 
insect  presses  down  the  carina  the  column  not  only  emerges  but 
springs  violently  up  and  is  unable  to  return  to  its  former  place. 
As  in  G.  tinctoria,  the  reproductive  organs  after  explosion  are 
pressed  against  the  vexillum  and  are  not  affected  by  further  insect 
visits.  But  Medicago  sativa  differs  from  these  two  plants  by  having 
both  the  elastic  tension  and  the  force  which  restrains  it  localised  in 
different  parts  of  the  flower. 


Fig.  56.— Medicago  saliva,  L. 

tSfr^  vexilluzn  and  the  upper  half  of  the  calyx. 

3.— Inner  view  of  right  ala. 

^^SVedflowSn  SueTfrom  above  ;  the  vexillum  and  upper  half  of  the  calyx  have 

^XfML  S  c,  ala,  .  it,  claw,  ^^^^Z,^^^^ 
forwards  ;  /,  its  external  "PW^XKm  which  receive  the  alar  processes,  (e)  ;  h.  the 


While  in  Sarothamnus  it  is  the  style  only  which  acts  as  a 
spring  in  Genista  tinctoria  the  column  tends  to  spring  upwards,  and 
the  ate  and  carina  together  tend  to  spring  downwards.  In  Medicago 
sativa  the  elastic  tension  resides  almost  exclusively  m  the  uppei 
stamens  This  can  be  shown  clearly  by  dividing  the  upper  from 
the  lower  stamens,  whereupon  the  upper  part  of  the  bundle  curves 
still  more  strongly  upwards,  and  the  lower  part  sinks  down  till  it 
stands  almost  horizontal. 

In  Medicago  sativa  it  is  not  the  coherent  upper  margins  oi  the 
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carina,  as  in  Sarothamnus  and  Genista,  which  prevent  the  column 
from  springing  up  in  the  young  flower,  though  these  margins  are 
coherent  here  also,  but  we  may  separate  them  completely  from  one 
another  without  explosion  taking  place.  The  structures  which 
prevent  it  are  two  pairs  of  projections  developed  on  the  petals  of 
the  carina  and  alae,  which  lie  upon  the  column. 

Two  are  directed  forwards,  and  consist  of  deep  pouches  in  the 
superior  basal  angles  of  the  carina  (i,  4,  5)  which  meet  in  the 
middle  line  above  the  column.  Into  these  fit  still  deeper  pouched 
processes  of  the  alas  (e,  2,  5),  which  both  connect  the  alae  firmly 
with  the  carina,  and  also  help  to  strengthen  the  hold  upon  the 
column.  These  anterior  pouches  of  the  alae  (e,  2,  5)  are  only  a 
further  development  of  those  shallow  depressions  by  means  of  which 
the  alae  are  united  to  the  carina  in  Trifolium  and  Melilotus. 

Besides  this  anterior  pouch,  each  ala  possesses  at  the  base  of  its 
upper  border  a  long  finger-shaped  process,  which  is  directed  back- 
wards, and  is  a  further  development  of  that  which  we  shall  see 
appearing  in  Melilotus.  The  two  processes  (g,  2,  Fig.  56)  curve 
upwards  and  inwards  so  that  their  ends  almost  meet  in  the  middle 
line  above  the  staminal  column. 

If  in  a  young  flower  we  cut  through  the  claw  of  the  carina,  the 
column  springs  upwards  to  some  extent,  carrying  with  it  the  carina 
and  alae.    If  in  another  unexploded  flower  we  carefully  cut  through 
one  of  the  digitiform  processes  of  the  alae,  the  parts  remain  motion- 
less; but  on  cutting  the  process  of  the  other  side  explosion  at 
once  follows.    The  pouched  processes  of  the  carina  (i)  are  thus 
not  sufficient  to  hold  the  column  down  without  the  aid  of  the 
processes  (g)  of  the  alae,  nor  are  the  latter  sufficient  after  section 
of  the  carina.    Explosion  can  therefore  be  effected  equally  well  by 
separating  the  anterior  pouches  (e,  2),  by  separating  the  digitiform 
processes  (g,  2),  or,  finally,  by  depressing  the  alaa  and  carina. 
If  an  insect  inserts  its  proboscis  in  the  middle  line  between  the 
anterior  pouches  and  the  digitiform  processes,  or  if  it  stands  upon 
the  alse  and  thrusts  its  head  in  the  middle  line  under  the  vex- 
illum,  in  either  case  explosion  follows.    The  stigma  (o,  5)  projects 
beyond  the  anthers,  and,  therefore,  is  the  first  to  strike  the  under 
surface  of  the  bee's  body  or  proboscis ;  an  instant  later  the  anthers 
come  m  contact  with  an  area  close  around  the  spot  that  the  stigma 
touched,  dusting  it  with  fresh  pollen.    The  first  flower  that  the 
msect  visits  is  of  course,  not  cross-fertilised,  but  as  the  bee  with- 
draws from  the  flower  self-fertilisation  inevitably  occurs.  Self- 
fertihsation  u  undoubtedly  efficient,  for  HUdebrand  has  shown  that 
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flowers  which  wither  unexploded  when  insects  are  excluded  produce 
seed  by  self-fertilisation. 

In  spite  of  their  very  accurate  mechanism,  I  have  observed  by 
watching  insect-visitors  that  the  flowers  have  two  imperfections. 
In  the  first  place  they  continue  to  secrete  honey  after  explosion, 
and  in  the  second,  the  young  unexploded  flowers  very  frequently 
permit  insects  to  obtain  the  honey  without  performing  any  service 
in  return. 

It  is  plain  that  the  continued  secretion  of  honey  after  explo- 
sion is  detrimental  to  the  plant ;  for  it  leads  the  insects  to  visit 
exploded  flowers  instead  of  restricting  their  visits  to  flowers  that  re- 
quire their  aid.  I  have  seen  hundreds  of  hive-bees  sucking  honey 
on  exploded  flowers,  thrusting  the  proboscis  laterally  over  one  of 
the  alse,  and  not  coming  in  contact  at  all  with  the  stigma  or  anthers, 
which  were  pressed  close  up  against  the  vexillum. 

The  other  imperfection  is  also  taken  advantage  of  by  the 
hive-bee,  as  Henslow  has  remarked.     The  bee  probably  finds  it 
unpleasant  to  have  its  proboscis  struck  by  the  exploding  column 
at  each  visit ;  for  it  prefers,  even  in  the  case  of  young  flowers,  to 
insert  its  proboscis  laterally  close  to  one  of  the  alae,  so  that  no 
explosion   results.     Although   hive-bees   are   by  far  the  most 
numerous  visitors  of  this  flower,  I  have  never  seen  them  effect 
explosion ;  but  I  have  often  observed  them  from  a  short  distance 
acting  in  the  manner  just  described.    Though  I  have  frequently 
watched  this  plant,  I  have  never  succeeded  in  seeing  explosion 
actually  performed,  though  the  number  of  exploded  flowers  that 
we  meet  with  shows  that  it  must  take  place  very _  frequently. 
Butterflies  visit  the  flowers  in  great  numbers,  and  it  is  doubtless 
by  them  that  explosion  and  cross -fertilisation  are  effected;  but  they 
are  generally  too  wild  to  permit  close  observation  of  their  move- 
ments    Once  I  had  a  good  view  of  Eesperia  thaiomas,  Hufn.,  suck- 
ing a  young  unexploded  flower,  but  like  the  bees  it  inserted  its 
proboscis  from  the  side  and  did  not  cause  explosion.    A  fine  needle 
inserted  in  the  middle  line  of  the  flower  causes  explosion,  and  the 
thin  proboscis  of  a  butterfly  is  undoubtedly  sufficient  to  do  the  same. 

A.  Hymenoptera-^nefe:  (1)  Apis  mellifica,  L.J,  s,  very  freo, ;  (2) 
Megachile  pyrina,  Lep.,  s.  B.  Lepidoptera- (a)  f^lacera ;■•  (3)  ^ 
brafsic*,  L.  ;  (4)  P.  rap*,  L.  ;  (5)  P.  nap,  L  all  to  e  ab  (6)  V«w» 
urticffi  L.J  (7)  Colias  hyale,  L.  ;  (8)  Satyrus  hyperanthus  L.  ;  (9)  Lywsna 
33,  L.  ;  10)  Hesperia  thaumas,  Hufn.  ;  (6)  NoCu.  :  (11)  Pin**  gamma  L. 
"Seen  additional  visitors  (eleven  Apid*,  three  Lepidoptera,  and  Bembex 
rostratus)  are  recorded  in  No.  590,  11. 
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94.  Medicago  falcata,  L. — Though  on  the  whole  the  flower 
of  this  species  resembles  that  of  M.  sativa,  it  possesses  certain 
peculiarities  which  facilitate  explosion,  and  make  it  more  difficult 
for  bees  to  obtain  the  honey  without  releasing  the  column.  For  the 
pouches  directed  forwards  and  the  processes  directed  backwards  on 
the  ala;  grasp  the  column  less  firmly,  as  may  be  seen  in  2,  Fig.  57, 
so  that  a  less  pressure  is  followed  by  explosion ;  but  on  the  other 
hand  a  thin  proboscis  can  pass  more  easily  to  the  base  of  the  flower 
without  bringing  about  explosion.  The  alse  leave  less  room  for  a 
proboscis  to  enter,  as  they  are  shorter  and  broader  and  rest  on  the 


Fir;.  57 .—Medicago  falcata,  L. 


o'~£1-?iWer'  Jiewecl  obliquely  from  above. 
3  -LefUIa      rem°Val  01  C3lyX  aDd  vexi11™.  from  above. 

colu^p^  -n  obli^^e  right  and  above;  the 

«flalda6 direct  baife  TcT  °f       *  process  of 

carina!  po„,,les,  &£5£*S*  ?Iaw,s  of  cari™  i  coherent 


amin*  of  ditto  ;  fcfc,  carinal  pour les  which  Sta  US  ?aWS  °f  Carina  i  '  col.crent 

itHmen  ;  n  ...  entrances  to  the  h.mey ;  ^srignm    (x%  )    pr°CeSSes/;  1  column  •      superior  free 

carina  for  a  shorter  space  in  their  basal  half.  According  of  th, 
very  many  bees  which  I  observed  on  flowers  of  M  McltaT^  ! 

cS^oTi  ^  V  manj  LePid°Pte-  mucking  without 
feStLn  bv  T  V f  !      V6rS  °f  M-  mtim  Seem  fitted  -thei' 

flowers  of  ^      Smaylead  US  to  conclude  tiat  *e 

of  M.  sahva  offer  special  attractions  for  Lepidoptera,  and 
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those  of  M.  falcata,  on  the  other  hand,  for  bees  ;  yet  I  am  not  able 
to  account  for  this  difference  in  attractiveness. 

Visitors,  at  Rehmberg,  Thuringia,  July,  1868  : — 

A.  Hymenoptera— Apidas :  (1)  Apis  mellifica,  L.  $ ,  s.,  f'req.  ;  (2)  Bombus 
muscorum,  F.  $ ,  s.  ;  (3)  Rhophites  canus,  Ev.  ?  £ ,  s.  ;  (4)  Cilissa  leporina, 
Pz.  $  £ ,  s.  and  c.p.  ;  (5)  Andrena  denticulata,  K.  $ ,  s.  ;  (6)  A.  Mvicrus, 
K.  $ ,  s. ;  (7)  Halictus  quadricinctus,  F.  $ ,  c.p.  ;  (8)  Nomada  Solidaginis, 
Pz.  $ ,  s.  ;  (9)  N.  varia,  Pz.  ? ,  s.  ;  (10)  N.  ferruginata,  K.  9,8.;  (11)  Osmia 
aurulenta,  Pz.  ?,  s.  and  c.p.,  ab.  B.  Diptera—  (a)  Bombyliidas :  (12)  Sys- 
tcechus  sulfureus,  Mik.,  s.  ;  (6)  Syrphidce :  (13)  Helopbilus  trivittatus,  F. 
C.  Lepidoptera— (a)  Rhopalocera :  (14)  Hesperia,  s.  ;  (15)  Lycsena,  s.  ;  (b) 
Sphinges :  (16)  Sesia  asiliformis,  Rott.,  s. ;  (17)  Zygsena  carniolica,  Esp.,  ab.  ; 
(c)  Noctum :  (18)  Euclidia  glypbica,  L.,  s.  Four  additional  visitors  (Lepi- 
doptera) are  recorded  in  No.  590,  n. 

95.  Medicago  lupulina,  L— The  flowers  of  this  species, 
whose  upper  stamens  seem  to  possess  very  little  elasticity,  are 
exceedingly  minute  but  yet  attract  many  diligent  visitors. 

A.  Hymenoptera—  Apidm :  (1)  Apis  mellifica,  L.  <? ,  s.,  very  freq.  (It  is 
characteristic  of  the  honey-bee  that  it  does  not  disdain  even  this  flowers  tiny 
store  of  honey.  The  whole  inflorescence  is  pulled  down  by  the  weight  ol  the 
bee  which  then  sucks  the  flowers  head  downwards.  It  sucks  a  few  flowers,  at 
most  four,  on  one  inflorescence,  and  then.flies  away  to  another  plant  of  the  same 
species  )  •  (2)  Andrena  convexiuscula,  K.  ?  ,  s. ;  (3)  A.  xanthura,  K.  ?  ,  c.p^; 
(4)  Halictus  flavipes,  K.  ?,  c.p.  ;  (5)  Bombus  agrorum,  F.  $  $ ,  8.  B. 
Dipteta-Cbnopidfl.-  (6)  Myopa  buccata,  L.,  s.  ;  (7)  M.  testacea,  L.,  s. 
C.  Lepidoptera— Rhopalocera  :  (8)  Thecla  rubi,  L.  ?  ,  s. 

Darwin  also  saw  M.  lupulina  visited  abundantly  by  bees.  He 
found  the  plants  very  much  less  fertile  when  protected  from  insects 
by  a  net. 

96  Melilotus  0FFiciNAL[S,Willd.-Themechanism  of  the  flower 
resembles  that  of  Trifolmm  repens,  with  certain  slight  variations. 

The  calyx  is  much  shorter  (only  2  mm.  long)  and  at  the  same 
time  wider,  thus  admitting  insects  with  shorter  tongues  to  the 
honey,  and  also  giving  greater  range  of  movement  to  the  petal. 
The  L  and  carhia  can  rotate  much  farther  downward,  sine 
claws  are  not  adherent  to  the  stammal  column  as  m  T.  repens 
Their  return  to  their  former  place  when  relieved  from  pressure  is 
insured  by  two  finger-like  processes  (/)  which  replace  the  pouches  of 
T     1«  at  the  superior  basal  angle  of  the  al* ;  they  grasp  the 
staminal  column  superiorly,  and,  when  the  caring  are  dxawn  down 
hey  seUte   slightly  but  still  remain  closely  applied  to  the 
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staminal  column  ready  to  spring  back  and  grasp  it  as  firmly 
as  before.     The  stigma  projects  further  beyond  the  anthers 


Fig.  58.—  Melilotus  officinalis,  Willd. 

1.  — Flower,  from  the  side. 

2.  — Ditto,  from  above,  after  removal  of  calyx  and  vexillum. 

3.  — Ditto,  from  the  side,  after  depression  of  the  aire  and  carina. 

a,  anthers ;  d  point  of  flexure  of  carina ;  e,  depressions  in  the  alse,  whose  inner  surfaces  are 
connected  with  the  outer  surfaces  of  the  carinal  petals  by  interdigitation  of  their  cells  f  dictate 
Processes  of  the  superior  basal  angles  of  the  alffi  ;  g,  column  ;  h  h,  entrances  to  the  honey  ;  gr^lt  ; 

than  in  T.  rcpens,  so  that  self-fertilisation  is  rendered  even 
more  unlikely. 

Visitors  :  Hymenoptera—  («)  Apidce :  (1)  Apis  mellifica,  L.      very  freq., 
s.  and  c.p.  ;  (2)  Andrena  dorsata,  K.  ? ,  s.  and  c.p.  ;  (3)  Heriades  trimcorum' 
L.  ?,  c.p.  ;  (4)  Ccelioxys  quadridentata,  L.  $ ,  s.  ;  (5)  Osmia  sp. ;  (b)  Sphegidce  • 
(6)  Ammoplnla  sabnlosa,  L.        s.j   (c)   Tenthredinidas :  (7)  Tenthredo  sp. 
vainly  seeking  honey.  "' 

97.  Melilotus  vulgaris,  Willd  (M.  alia,  Thouill.).— This 
species  is  visited  by  the  honey-bee,  which  I  have  found  in 
hundreds  busy  sucking  honey  and  collecting  pollen  on  the  plant : 
also  by  Macropis  laliata,  Pz.,  and  by  Empis  livida,  L. 

98.  Trifolium  repens,  L.— The  floral  mechanism  is  here 
simpler  than  in  Lotus,  and  is  one  of  the  simplest  to  be  found 
among  PapihonaceaB.  Stamens  and  pistil  are  inclosed  in  the  carina  ■ 
when  the  latter  is  pressed  down  they  protrude,  but  they  return 
within  rt  when  the  pressure  is  removed,  and  the  pollen  is  thus 
protected  from  the  weather  and  from  robbery.  As  in  all  other 
Papilionaceous  flowers  which  contain  honey,  the  honey  is  secreted 
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by  the  bases  of  the  cohering  stamens,  it  surrounds  the  base  of 
the  ovary,  and  can  only  be  reached  through  two  apertures,  one  on 
either  side  of  the  base  of  the  superior  free  stamen.  An  insect, 
to  reach  the  honey,  must  thrust  its  head  in  beneath  the  vexillum, 
and  must  stand  in  doing  this  upon  the  two  alse.  In  climbing 
on  to  the  alae  and  thrusting  its  head  below  the  vexillum,  it  forces 
up  the  latter  and  presses  the  alae  and  carina  down ;  and  the  re- 
productive organs,  protruding  from  the  carina,  are  forced  up  against 
the  ventral  surface  of  the  insect.    The  organs  all  return  to  their 


Fiq.  m.—Trifoliuvi  repens,  L. 


i  — *  lower,  iroui  ueiuw. 

2.  — Ditto,  from  above,  after  removal  of  calyx  and  vexillum. 

3.  — Inner  view  of  right  ala. 
c',  pouched  swelling. 


former  place  when  the  insect  leaves  the  flower;  and  cross-fertili- 
sation takes  place  regularly,  since  the  stigma  projects  slightly 
beyond  the  anthers  and  therefore  comes  first  m  contact  with  the 

ventral  surface  of  the  insect.  ,„.„,. 

In  addition  to  these  characters,  which  fnfohum  repens 
possesses  in  common  with  many  other  Papilionaceous  flowers  the 
following  are  peculiar  to  itself:  (1)  the  arrangements  for  excluding 
certain  short-lipped  insects;  (2)  the  conditions  of  rotation  of  the 
al83  and  carina;  (3)  the  provisions  for  bringing  back  the  parts  ol 
the  flower  to  their  former  place  when  pressure  is  removed. 

(I)  The  calyx-tube,  which  surrounds  the  claws  of  the  petals 
and  limits  the  movements  of  the  vexillum  and  alse,  is  only  3  mm. 
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long ;  so  that  the  less  specialised  bees,  such  as  Andrena  and 
Halictus,  are  not  shut  out  from  the  honey. 

(2)  The  alse  cohere  with  the  carina  at  one  point  on  each  side 
(c',  2,  3,  Fig.  59),  so  that  both  rotate  upwards  and  downwards 
together;  this  rotation  is  facilitated  by  the  very  thin  and  weak 
claws  of  the  ate  and  carina,  which  adhere  for  the  greater  part  of 
their  length  to  the  starninal  tube,  but  are  free  anteriorly.  Since 
the  alas  project  considerably  beyond  the  carina,  they  play  the  part 
of  a  long  lever-arm  in  this  action.  The  long  anterior  end  of  the 
vexillum  has  a  similar  action. 

(3)  The  return  of  the  parts  to  their  original  position  is  brought 
about  chiefly  by  the  vexillum  and  the  alse,  in  addition  to  the  part 
played  by  the  calyx-tube.  The  strong,  broad  claw  of  the  vexillum 
overlaps  the  other  petals  and  the  reproductive  organs,  being 
closely  applied  to  them  above  and  at  the  sides ;  by  its  elasticity  it 
returns  forcibly  to  its  own  place  after  it  has  been  moved,  and  forces 
the  organs  within  into  their  place  also;  the  anterior  part  of 
the  starninal  column  is  also  kept  in  check  by  the  alas,  whose 
superior  basal  lobes  are  modified  into  two  vesicles  (v)  which  lie  close 
together  upon  the  upper  part  of  the  column. 

Visitors  :  A.  Hymenoptera—  Apidce  :  (1)  Apis  niellifica,  L.  $  ,  very  ab.,  s. 
and  c.p.  ;  (2)  B.  pratorum,  L.  $ ,  s.  ;  (3)  Megaehile  Willughbiella,  K.  ^ ;  (4) 
Halictus  tarsatus,  Schenck,  $ ,  s.  ;  (5)  H.  maculatus,  Sm.  $ ,  c.p.  ;  (6)  Andrena 
fulvicrus,  K.  $,s.  B.  Diptera-(a)  Syrphidce:  (7)  Volucella  bonibylans,  L., 
s.  ;  (b)  Conopidce :  (8)  Myopa  buccata,  L.,  s.  ;  (9)  M.  testacea,  L.,  s.  C  Lepid- 
ovteTH-Bhopalocera:  (10)  Pieris  brassiere,  L.,  s.  Of  these  visitors  it  is  only 
the  bees  that  act  in  the  manner  described  and  effect  cross-fertilisation  re°-ularly  • 
the  other  visitors  only  do  so  occasionally.    See  also  No.  590,  n.,  and  No.  609.  ' 

The  Dutch  Clover  was  one  of  the  first  Papilionaceous 
flowers  m  which  the  necessity  of  insect-visits  for  full  productive- 
ness was  demonstrated.  Darwin  found  that  when  insects  were 
excluded  by  means  of  a  fine  net  the  plant  was  only  one-tenth 
as  productive  as  when  insects  were  freely  admitted  (152). 

99.  Teifolium  fragiferum,  L.-This  species  agrees  generally 
m  the  characters  of  its  flower  with  T.  repens ;  but  the  flowers  are 
much  smaller  the  calyx-tube  is  only  2  mm.  long,  and  the  alas  are  bent 
™IT^  ^haVelSeen  the  hive^e  visiting  its  flowers  abundantly, 
of  flot  /  +  ee  aS  a  lule  keePS  ve^  stric%  t0  one  species 
tL!tW  r  ^  lmt'  y't;  Wh6re  T-  f^*™  and  T.  repens  grow 
together,  it  visxts  the  flowers  of  both  indiscriminately. 
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100.  Trifolium  pratense,  L. — The  honey  lies  at  the  base  of  a 
tube,  9  to  10  mm.  long,  formed  by  cohesion  of  the  nine  inferior 
stamens  with  each  other  and  with  the  claws  of  the  petals ;  it  is 
secreted  by  the  bases  of  the  stamens,  and  accumulates  in  the  tube 
around  the  base  of  the  ovary.  But  while  in  Trifolium  repens,  as  in 
Lotus  and  most  other  Papilionacese,  only  two  small  openings,  one  on 
either  side  of  the  base  of  the  superior  stamen,  give  access  to  the 
honey,  and  compel  the  bee  to  thrust  its  proboscis  down  to  them 
outside  the  staminal  tube,  in  T.  pratense  the  bee's  proboscis,  after 
being  thrust  under  the  vexillum,  passes  at  once  into  the  staminal 


Fig.  60. — Trifolium  pratense,  L. 

1 —Flower,  from  below. 

tKAt  £S?2  S  2£X  ;  the  edge,  of  O.  carina  have  been  fore,, 
apart. 

5  rggt  half  XTcSa,  from  without.    (The  claws  of  4  and  5  have  been  broken  short  off.) 

and  carina  ■  e,  vexillum  .  ".  concave  paii  oi  iue  th  b       f  th  nla   ,  carma  .  , ,  style  ; 

outwards  ;  f,  outward  surf  ace  of  ala    g, pouched  swelling  out^^^^  ^  ^  ^.^ 

SffiSTSWffi^^'^^W^-^*  bent  outwards;  downward 
extension  of  vexillum. 

tube  to  which  in  this  case  the  claws  of  the  petals  are  adherent. 
The  insect's  proboscis,  passing  down  the  tube  in  the  middle  line 
superiorly,  would  be  impeded  by  the  superior  stamen  which  is 
inclosed  in  the  tube  if  this  retained  its  normal  position  ;  but  its  two 
ends  only  are  situated  in  the  middle  line,  and  the  rest  of  the  stamen 

lies  wholly  to  one  side. 

From  the  anterior  end  of  the  common  tube  come  off  the 
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various  organs  as  follows :  (1)  The  broad  base  of  the  vexillum, 
which  is  continuous  with  the  superior  and  lateral  portions 
of  the  tube,  and  even  with  part  of  its  inferior  aspect  by  means 
of  an  expansion  (q)  just  at  the  base  of  the  free  limb.  (2)  The 
base  of  the  carina,  which  is  attached  to  the  inferior  part  of  the 
edge  of  the  tube  in  the  interval  left  by  the  vexillum :  though 
not  half  so  broad  as  the  base  of  the  vexillum,  it  is  broad  and  strong 
enough  to  return  quickly  to  its  place  after  being  bent  downwards. 
(3)  The  two  alse,  whose  flexible  claws  spring  from  the  common 

g  y  tli6  Id n Hiiii  of  Gcich.  "bulges  out  at  its  base  (<?)  more 
distinctly  than  in  T.  repens,  to  cover  over  the  top  of  the  staminal 
column  and  help  to  keep  it  and  the  petals  in  their  proper  relative 
positions.  (4)  The  staminal  tube,  which  is  split  superiorly  to 
admit  the  free  tenth  stamen,  and  which  divides  in  the  hollow  of 
the  carina  into  stiff  filaments  which  curve  upwards  and  are  slightly 
thickened  at  their  ends. 

In  the  midst  of  the  stamens  lies  the  style,  curving  upwards  till 
its  stigma  slightly  overtops  the  anthers. 

If  now  a  bee  inserts  its  proboscis  beneath  the  vexillum,  while 
it  clings  with  its  forelegs  on  to  the  alas  (which  are  coherent  with  the 
carina)  resting  its  middle  and  hind  legs  on  a  lower  part  of  the 
inflorescence,  the  carina  and  alae  are  drawn  downwards,  and  the 
stigmas  and  anthers  are  thrust  up  against  the  under  side  of  the 
bees  head;  the  stigma,  standing  highest,  receives  the  pollen 
brought  by  the  bee,  and  instantly  afterwards  the  anthers  dust  the 
bee  with  fresh  pollen.  Cross-fertilisation  is  thus  insured  ;  self- 
fertihsation  may  take  place  as  the  bee  draws  back  its  head,  but  is 

^feSati^86*1        SUperS6ded  hj  the  Mediately  preceding 
In  order  to  reach  the  honey  in  this  way,  an  insect  must  possess 
a  proboscis  at  least  9  to  10  mm.  long.    The  poUen  is  accessible  to 

beVsTh        !l    r"11  PJT  d0wn  the  Carina'  and  *  is  ^  that  ■ 
as  weTl  a  "  t  eCtTP0Ur  °n  the  fl0^r  perform  cross-fertilisation 
as  well  as  when  sucking  honey.    The  red  clover,  like  most  flowers 

oi  Bombus  terres  ris  and  other  insects  which  use  the  holes  that  B 

XTZ^ZL  hThr1fl0WerS  of  clover  become  conspicls 
byaogregation  into  heads,  and  contain  very  abundant  honey. 
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confusus,  Schenck,  $  ?  (12—14)  !  (7)  B.  muscorum,  F.  ?  (13—14)  !  (8)  B. 
fragrans,  K.  ?  (15)  !  (9)  B.  (Apathus)  rupestris,  F.  ?  (14)  !  (10)  B.  vestalis, 
Fourc.  $  (12)  !  (11)  B.  campestris,  Pz.  ?  (10—12)  !  (12)  B.  Barbutellus,  K.  $ 
(12)  !  all  8.,  some  also  c.p.  ;  (13)  (Bombus  terrestris,  L.  [7 — 9]),  bites  through 
the  tube  and  so  reaches  the  honey  with  some  delay, — it  has,  however,  the 
advantage  of  obtaining  honey  even  from  unexpanded  flowers ;  (14)  (B.  pratorum, 
L.  £  [8]),  behaves  in  the  same  way)  ;  (15)  Apis  mellifica,  L.  $  (6),  usually 
visits  the  red  clover  only  for  its  honey,  which  its  proboscis  is  not  able  to  reach 
in  the  legitimate  manner, — yet  I  have  now  and  then  seen  hundreds  of  honey- 
bees on  a  patch  of  red  clover,  all  busy  collecting  pollen  ;  (16)  Anthophora 
pilipes,  F.  ?   (19—20),  s.  !  (17)  Eucera  longicornis,  L.  ?  $  (10),  s.  !  (18l 
Cilissa  leporina,  Pz.  ?   (3£),  c.p.  !   (19)  Andrena  xanthura,  K.  $  (3),  c.p.  ! 
(20)  A.  Schrankella,  Nyl.  ?  (4)  ;  (21)  A.  fulvicrus,  K.  $   (3|)  ;  (22)  A. 
fasciata,  Wesm.  $  $  (3 — 4), — all  three  sought  in  vain  for  honey,  their  collecting- 
hairs  remained  free  from  pollen  ;  (23)  Colletes  fodiens,  K.  ?  (2i),  c.p.  !  (24) 
Halictus  flavipes,  K.  ?  (2|),  c.p.  !  (25)  Anthidium  manicatum,  L.  $  $  (9—10), 
s.  !  (26)  Megachile  circumcincta,  L.  <j?  (11),  s.  and  c.p.  !  (27)  Osmia  senea, 
L_  cj)  (9—10),  s.  and  c.p.  !  (28)  Diphysis  serratulse,  Pz.   $  (7—8)  c.p.  !  B. 
Diptera — (a)   Bombyliidce :  (29)  (Systoechus  sulfureus,  Mikan  [6 — 7])  ;  (b) 
Syrphidce :  (30)  (Volucella  bombylans,  L.  [7—8])  ;  (c)  Conopidcc :  (31)  (Sicus 
ferrugineus,  L.  [6 — 7]), — I  have  seen  all  these  three  flies  thrusting  their  tongues 
beneath  the  vexillum,  though  their  tongues  are  too  short  to  reach  the  honey  in 
the  legitimate  way).    C.  Lepidoptera — (a)  Rliopalocera :  (32)  Pieris  brassicse, 
L.  (15);  (33)  P.  rapse,  L.  ;  (34)  Vanessa  urticse,  L.  (12)  ;  (35)  Satyrus  Megsera,  L.  ; 
(36)  S.  Janira,  L.  ;  (37)  Hesperia  sylvanus,  Esp.  ;  (38)  H.  thaumas,  Hfn.  ;  (b) 
Noctuce  :  (39)  Plusia  gamma,  L.,  all  s. 

Trifolium  badium,  Schreb.— The  flower  is  in  like  manner 
adapted  for  Lepidoptera.  On  the  Alps  I  found  it  visited  by  four 
Apidse  and  eleven  Lepidoptera  (609). 

Trifolium  alpestre,  L. — The  flower  is  similarly  arranged,  and  was 
seen  to  be  visited  by  two  species  of  Apidse  and  nine  Lepidoptera 
( Weit.  Beob.  ii.). 

Kuhn  describes  cleistogamic  flowers  in  Trifolium  (399),  and 
T.  polymorphum  is  cleistogamic  according  to  Darwin  (Forms  of 

Flowers,  2nd  ed.). 

Trifolium  alpimom,  L.,  T.pallescens,  Schreb.,  and  T.  rawafe,Sieb. 
(T.  pratense,  L.,  var.  nivale),  are  described  in  my  Alpcnblumen 
(No.  609). 

101.  Trifolium  arvense,  L. — The  tube  is  hardly  2  mm.  long. 

Visitors :  A.  Hymenoptera—  (a)  Apidas :  (1)  Apis  mellifica,  L.  §  ;  (2) 
Bombus  Rajellus,  111.  ?  $ ,  very  frecp  ;  (3)  B.  lapidarius,  L.  $  ;  (4)  Cilissa 
leporina  Pz.  $  ;  (5)  Andrena  xanthura,  K.  ?.;  (6)  Halictus  zonulus,  Sm.  ?  ; 
(7)  H  quadricinctus,  F.  $  ;  (8)  Colletes  marginata,  Sm.  $ ;  (9)  Diphysis 
serratulse  Pz  $  ;  (10)  Osmia  csmentaria,  Gerst.  $  (Thur.)  ;  (11)  Megachile 
maritima'K.  ^,all  sucking  only;  (b)  Sphegidm :  (12)  Psammophila  affin,*. 
K.  $  ,  s.    B.  Lepidoptera— (13)  Hesperia  thaumas,  Hufn.,  s. 
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102.  Trifolium  rubens,   L.   (Thuringia,   Rehmberg  near 
Muhlberg). — This  species  shows  certain  adaptations  for  Lepi- 
doptera  as  well  as  for  bees ;  I  have  found  it  visited  by  six  species 
.of  Bombus  and  Anthophora,  and  by  sevqn  species  of  Lepidoptera. 

103.  Trifolium  filiforme,  L : — 

Visitors  :—Apid(B :  (1)  Apis  mellifica,  L.      s.  ;  (2)  Halictus  albipes,  F.<? 
b.  ;  (3)  H.  cylindricus,  F.  ?,  c.p.    Lepidoptera :  (4)  Lycama  £egon,  s.v.s. 

104.  Trifolium  medium,  L. : — 

Visitors:  Apidce:  (1)  Andrena  dorsata,  K.  ?,  c.p.  ;  (2)  Bombus  agrorum, 
•  ?  >  sucking  normally.  Eleven  additional  visitors  are  recorded  in  No.  590, 11.' 

105.  Trifolium  peocumbens,  L. : — 

Visitors  :  Apida, :  (1)  Apis  mellifica,  L.  s.  ;  (2)  Halictus  flavipes, 
a..  V,  s.    ±ive  additional  visitors  are  recorded  in  No.  590,  11. 

106.  Trifolium  montanum,  L.— I  have  found  this  species 
visited  m  Low  Germany  by  four  Apidaa,  one  Sphegidae,  and  four 
Lepidoptera  (590,  11.);  on  the  Alps  by  eight  Apidce  and  eight 
Lepidoptera  (609).  Besides  the  adaptations  to  bees  usual  in 
Papilionaceae,  it  shows  an  adaptation  to  cross-fertilisation  by 
Lepidoptera,  the  closely  folded  vexillum  bringing  the  insect's 
proboscis  m  contact  with  the  stigma  and  anthers!3 


Genistece. 


107  Lupinus  luteus,  L.-The  flowers  of  Lupinus  luteus,  like 
those  of  Ononis  s2nnosa,  are  devoid  of  honey  and  are  provided 

arities"    Tir  fPParatUSi  the?  Present         following  peculi- 
aiitaes  -The  alaa  are  coherent  with  one   another  at  the  an- 
erior  border,  and  each  possesses  a  lateral  fold  near  its  base,  fittino- 
into  a  depression  m  the  carina.    They  surround  the  carina  as  in 

sides  of  the  vexillum  are  bent  backwards  the  flower  is  more  con 
spicuous  from  the  side  than  from  the  front.    The  divisionTl^n 
w  «h  began  to  be  marked  in  Ononis  between  theTo  ^ 
aniens,  one  whorl  producing  the  pollen,  the  other  pre  W  it 
forwards,  is  much  more  complete  in  Lupinus  (1  2  Fin-  riT  ™ 

ShX  ancl  v      4  7  Wlthm  fte  bnd'  while  the  °ttes  ™  much 

Phd£  Their  If  f-°m  ratUrfty  (>•  **  61);  '"en  after 
paemg  their  pollen  m  the  apex  of  the  carioa,  they  wither 
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completely,  and  remain  in  the  wide  lower  part  of  the  carina 
(2,  Fig.  61).  The  five  inner  anthers  now  begin  to  grow  rapidly,  and 
squeeze  the  pollen  in  the  point  of  the  carina  more  by  means  of  their 
anthers,  which  remain  spherical,  than  by  the  thickened  ends  of 
their  filaments;  they  thus  do  the  work  of  a  piston,  except  the 
superior  stamen  (1),  which  remains  inferior  to  the  others  in  length 
and  thickness. 


Fio.  61. — Lupinus  luteus,  L. 
1  -Essential  organs,  from  a  bud  ;  the  outer  anthers  are  dehiscing. 
^^M^  ave^uter ;  1,  3,  5,  7,  9,  the  <We  inner  stamens ;  x,  stigma. 

The  spherical  stigma  is  surrounded  at  its  base,  like  that  of  the 
Laburnum,  by  a  ring  of  stiff  erect  hairs  which  prevent  or  hunt  the 
application  of  its  own  pollen. 

I  have  noticed  only  the  following  visitors  :— 

Hymenoptera-^.-d)  Apis  mellifica,  L.  ?  ab  c.p.  ;  (2)  Bomb™ 
lapidarms,  L  9  ,  scarce,  c.p.  ;  (3)  MegacMe  cn-cumcmcta,  K.  ?  ,  c.p. 

The  flower  of  Lupinus  cclbus  differs  in  certain  points  from  the 

J&7£*£  ™»  unfertile  unless  he  — 

with  a  piu.    In  England,  aecording  to  Darwin  the  Lupines 

fertilised  hy  humble-tees,  not  hy  hive-hees  (l  5a). 

,08.  Genista  ™cT0MA,L.-In  the  young  hud  the ^tenstamens 
«a+?nH-1v  seen  to  form  two  whorls  (1,  JJig.  M).    me  nve 

:;:„  f  s  I  z«    « *,  *.  %  i?  -  i, »» 

„f  the  inner,  and  the  four  superior  ones  are  the  first  to 
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ripen.  In  the  bud,  they  are  already  on  the  point  of  dehiscing,  while 
those  of  the  inner  whorl  have  attained  scarcely  a  quarter  of  their 
full  size.  The  ten  stamens,  and  the  style,  which  projects  far  beyond 
them,  are  all  inclosed  by  the  carina,  whose  two  petals  cohere  along 
both  then-  upper  and  lower  margins.  As  the  four  superior  anthers 
of  the  outer  whorl  dehisce  introrsely  and  then  wither,  their  pollen 
remains  lying  above  the  style,  which  courses  along  the  lower  edge  of 


Fiu.  62. — Geniata  tinctoria,  L. 
1.— Essential  organs  from  a  young  bud 

tKfffi  Hi"  ia  the  °arina  of  (virgin)  Lower. 

4.  — Exploded  flower. 

«'-rmSg  flow?r'  ?'om  above-  after  removal  of  ealyx  and  vexilhim 

5.  -Drtto,  after  the  carina  lias  been  cleft  to  near  its  apex  by pressure  fr™  ah™, 
7— Young  flower,  from  above,  after  removal  of  vexillum  and  al %  ' 

as  nm~ch  rSSflef  °f  '  y°UDS  fl°W6r'  Cleft  80  far  that  «P*«*«  ^nst  result ;  from  above,  twice 


<  !U;,na'  and.  xt  Sets  P^hed  forward  into  the  apex  of  the  still 
elonga  mg  carma  by  the  inner  stamens  which  quickly  extend 

tlTnt  th\ T,/mpty  °Uter  Stamens-  The  ******  stamen  of 
he  outer  whorl  (8  „,  L  Fig.  62),  which  lies,  immediately  below  the 

:  ;;;;':;;ns  ^    thc  oth-  *»*  dehisce,  ^  a.    t0  the 

same  length  as  the  hve  inner  stamens  and  dehisces  with  them 
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If  it  dehisced  along  with  the  other  four  stamens  of  its  own 
whorl  and  then  withered,  its  pollen  would  lie  useless  in  the  lower 
part  of  the  carina,  a  little  in  front  of  its  middle  point,  and  would 
never  be  pressed  forward  ;  but  since  it  grows  to  the  same  length  as 
the  inner  stamens  and  dehisces  simultaneously  with  them,  its 
pollen  unites  in  great  part  with  that  of  the  two  neighbouring 
stamens  (5  and  7  in  1,  Fig.  62).  and  is  heaped  with  it  above  the 
style. 

The  inner  whorl  of  stamens  and  the  inferior  stamens  of  the 
outer  whorl  dehisce  and  wither  a  short  time  before  the  vexillum 
expands.  The  position  which  the  organs  occupy  at  this  time 
within  the  carina  may  be  easily  seen  by  holding  the  carina  up  to 
the  light,  and  is  represented  in  2,  Fig.  62. 

The  carina  still  forms  a  much  compressed  sheath,  closely 
surrounding  the  style  and  the  pollen  of  all  the  ten  stamens  which  is 
heaped  above  it.  It  is  kept  horizontal  by  the  action  of  two  equal 
and  opposite  forces.  The  column  of  stamens  with  the  contained 
style  possesses  a  tension  upwards,  so  that  if  it  be  freed  from  the 
surrounding  petals  it  springs  up  close  to  the  perpendicular  vexillum. 
The  claws  of  the  alee  and  of  the  two  petals  which  form  the  carina 
possess  a  downward  tension,  and  if  the  upward  pressure  of  the  style 
is  removed,  they  suddenly  bend  downwards  and  place  the  alas  and 
carina  in  a  vertical  position.  The  alae  are  kept  in  connection 
with  the  carina  by  means  of  a  bulging  protuberance  at  the  base 
and  near  the  upper  border  of  each  (hi,  3,  5,  6),  which  lies  in  the 
angle  between  the  upper  border  of  the  carina  and  another  pro- 
tuberance directed  outwards  and  upwards  from  each  half  of  the 
carina  near  its  base  (Ji,  7). 

The  opposite  tensions  balance  one  another  so  long  as  the  upper 
borders  of  the  carina  cohere  together  (n,  5)  and  the  pouched  lobes  of 
the  alae  (ra,  5)  meet  one  another  above  the  staminal  column. 

As  soon,  however,  as  an  insect  places  its  feet  upon  the  alas  and 
thrusts  its  head  beneath  the  vexillum,  the  pouched  lobes  of  the  alae 
slip  down  below  the  staminal  column  (m,  6)  ;  at  the  same  time  the 
union  between  the  upper  borders  of  the  carina  is  ruptured  from 
behind  forwards  by  the  pressure  of  the  essential  organs  in  its  posterior 
part,  and  as  soon  as  the  splitting  reaches  the  tip  of  the  style  the 
two  opposite  forces  are  set  free,  and  the  staminal  column  springs 
upwards  while  the  alae  and  carina  spring  downwards.  If  we  hold 
the  flower  in  one  hand,  and  press  clown  the  tip  of  the  carina  with 
a  needle  or  a  pencil-point,  we  see  clearly  the  split  spreading 
forwards,  and  the  pouched  lobes  of  the  alaa  separating,  so  that  the 
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flower  passes  from  the  young,  closed  state  (Fig.  62,  5)  to  the  half- 
opened  state  (Fig.  62,  6) ;  if  we  press  a  little  harder,  the  split 
passes  forward  beyond  the  tip  of  the  style  (Fig.  62,  8),  and  in  the 
same  instant  the  column  flies  upwards  to  the  vexillum,  scattering 
a  cloud  of  pollen,  and  the  alae  and  carina  spring  down  into  the 
vertical  position. 

If  an  insect  performs  the  above  operation  while  standing  on  the 
afe  and  thrusting  its  head  beneath  the  vexillum,  the  column  is  pre- 
vented from  sprioging  up  to  its  full  height ;  it  cannot  scatter  a  cloud 
of  pollen  into  the  air,  but  the  ascending  style  forces  its  stigma  and 
instantly  afterwards  the  mass  of  pollen  against  the  under  side  of 
the  insect.    If  the  insect  has  been  dusted  with  pollen  in  a  pre- 
viously visited  flower,  cross-fertilisation  is  thus  effected  ;  if  not,  the 
stigma  is  dusted  with  its  own  pollen  as  the  insect  creeps  backwards 
out  of  the  flower.    Whether  self-fertilisation  occurs  in  absence  of 
insects  is  a  point  that  has  still  to  be  settled  by  experiment 
Specimens  with  young  virgin  flowers  which  I  left  standing  in 
water  for  over  fourteen  days  withered  without  either  exploding 
or  producing  seed.  ° 

Since  the  flowers  contain  no  honey,  and  expend  all  their  pollen  in 
a  single  explosion,  after  which  the  staminal  column  and  style  are 
concealed  by  the  vexillum  which  closes  over  them  as  in  the  bud 
they  can  only  offer  attractions  for  pollen-collecting  insects  viz  • 
female  bees  busy  with  the  care  of  their  young  ;  and  even  these  are 
only  permitted  a  single  visit.  The  flowers,  however,  are  visited  by 
very  various  msects,  which  fly  away  after  a  vain  attempt  to  obtain 
pollen  or  honey.  I  observed  the  following  visitors  in  sunny  weather 
in  July,  1869  on  a  stretch  of  land  covered  with  G.  tinctoria  near 
-Brilon  and  Warstein  : — 

c  r,  A\9^en°Ptera-(«)  ■■  (1)  Megachile  circumcincta,  K.  9 ,  very  ab 

cp.;  (2  M.  centuncularis,  L.  9,  very  ab   c  n  — tl1P  m,i„0         ■  '  „ei^au-> 

r*.  6  ,  (<)  Antlndiura  punctatum,  Latr  J:  — thP  Wf  +i.  ^ui*., 
search  for  honey;  (8)  Apis  xndlifica,  L?f  Lb  P  (9 "  1^ 
L.  ?  scar,  c      ^)ColI       Davie_^  £  £  ;  ^^L^ 

(16)  H.  albipe,  F  9^1./  ?'  (  }  Hallctus  ™bicimduS)  Chr.  2  ; 
Lkfa«Jd  ^ktLfloll  f°UV?arCe'  C-P-  W  deluding  tie  honey- 
Vespil:  (  rKtrtdrnd  effected  crosS-fertniSaiion).  (I) 

Sicus  ferrugLr,  ^     n^M        \  *t  ?"       Dipter'a*   (a)  (hnopidJ:  (18 

ctum,  l    (/.  Lepidoptera-JWlopofocero ;  (21)  Satyrus  Jfegira, 
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L — the  last  five  obtained  neither  honey  nor  pollen,  and  did  not  cause  the 
flowers  to  explode.  D.  Coleoptera — Chrysomelidca :  (22)  Cryptoceplialus 
seviceus,  L.  ;  (23)  Cr.  vittatus,  F.  ;  (24)  Cr.  mora:i,  L.,  feeding  on  the  tissues  of 
the  flower.    Four  additional  visitors  are  recorded  in  No.  590,  11. 

This  list  is  of  special  interest,  as  it  shows  that  flower-loving 
insects  do  not  restrict  themselves  by  hereditary  instinct  to  those 
flowers  which  are  most  useful  to  them,  hut  that  they  search  widely 
for  their  food  in  flowers,  and  so  very  often  seek  in  vain. 

Of  the  pollen-collecting  bees,  those  with  abdominal  collecting- 
brushes  have  the  easiest  work,  since  the  explosion  of  the  flower 
forces  the  pollen  directly  on  to  the  collecting-hairs  ;  they  are  also 
the  most  useful  to  the  plant,  as  they  fly  from  flower  to  flower  with 
least  loss  of  time. 

109.  Genista  anglica,  L.— In  this  species  the  opposed 
tensions  of  the  column  on  the  one  hand  and  the  aloe  and  carina  on 


Pig.  63. — Genista  anglica,  L. 

1.  —Young  (virgin)  flower,  from  the  side. 
■>.—  Ditto,  from  tin-  front. 
3.— Inner  view  of  right  ala. 

4  —Exploded  flower  ;  the  style  is  less  recurved  than  usuai. 

5'.— Exploded  flower  from  the  left ;  a  more  normal  specimen  than  t. 


the  other  are  much  less  marked.  When  the  flower  explodes,  the 
carina  and  ala3  move  only  a  short  way  downwards,  and  the  whole 
column  does  not  bend  upwards,  but  only  the  style,  whose  tip  curves 
inwards  also.  The  only  visitors  that  I  have  noticed  are  bees  with 
tibial  and  femoral  collecting-baskets.  But  it  would  be  premature 
to  conclude,  even  in  the  case  of  G.  tinctoria,  that  because  its 
flowers  are  chiefly  plundered  and  fertilised  by  bees  with  abdominal 
brushes,  they  have  been  specially  adapted  only  for  those  bees. 

I  had  a  most  favourable  opportunity  of  watching  the  actions 
of  the  hive-bee  on  flowers  of  G.  anglica  one  sunny  morning, 
May  3  1871.    It  was  the  first  sunshine  after  long-continued  ram, 
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and  so  all  the  flowers  were  still  unfertilised.     The  bees  flew 
humming  from  one  flower  to  another,  clung  by  their  legs  to  the 
aJse,  and  thrust  their  heads  with  outstretched  proboscis  beneath 
the  vexillum  while  the  abdomen  hung  down.     While  the  head 
and  its  proboscis  were  thus  placed  just  as  if  they  were  sucking 
honey  from  the  base  of  the  flower,  the  midlegs  were  in  active 
movement,  scraping  pollen  into  the  baskets  on  the  hindlegs.  On 
May  14,  1871,  I  again  watched  the  hive-bee  at  work,  when  most 
of  the  flowers  had  now  exploded.    A  single  bee  flew  on  to  ten  or 
twenty  plants,  whose  flowers   had  all  been  fertilised,  without 
stopping  on  any  flower.    At  last  it  found  a  young  unfertilised 
flower,  on  which  it  eagerly  descended.     This  long  search  and 
occasional  descent  upon  young  unfertilised  flowers  was  frequently 
repeated ;  but  sometimes  I  saw  a  bee,  after  seeking  in  vain  for 
young  flowers,  settle  on  an  old  exploded  one,  and  insert  its  pro- 
boscis as  if  the  flower  contained  honey.    Sometimes  also  I  saw  a 
nive-bee  visit  a  young  flower  without  causing  it  to  explode 

Besides  the  hive-bee,  I  have  only  seen  Andrena  fulvicrus 
KJ,A.n^o-aenea,  K  9,  Halictus  cylindricus,  F.  ? ,  collecting 
pollen  on  this  plant,  all  very  frequently.  °  . 

tin/  o?'^1  T  PILT°Sf *  L-The  mechanism  of  this  flower  is  like 
that  of  G  anghca.    It  has  been  thoroughly  described  by  Delpino 

Z  theehPlan\Stei'iIent0  ^  ^  P°llen         360)     I  have 
only  seen  the  honey-bee  collecting  pollen  on  it. 

111.  Cttisus  Laburnum,  L._In  the  flowers  of  Cytisus  La 
burnUm  as  m  those  of  Melilotus  and  Trifolium,  the  reproductTve 
organs  simply  emerge  from  the  carina  and  return  withfn  Tt  The 
onnection  of  the  alaa  with  the  carina  is  not  a  firm  one  be^n' 
formed  simply  by  a  shallow  bulging  depression  in  el  S  (  if 
wbch  fits  into  a  corresponding  depression  on  the  side  of  ihl 

uepress  the  alae  and  carina     Thp  pIks,-,^,!-^  „f  X        •  • 

K"  -  H»  Sf       ""hat0^  M°™       bud  expands,  the  stigma 

W.  ;  tte^verlp  tnH  8"IT0'""  C"'  ',y  ,™'s"™«'.  m  «U 
ertop  the  stigma,,  and  m  the  yonng  flower  they 
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bend  over  its  papillar  surface,  protecting  it  from  immediate  con- 
tact with  the  insect-visitor.  Gradually  these  hairs  wither,  so  that 
in  older  flowers  the  stigmatic  papillae  are  freely  exposed  (5,  Fig.  64), 
and  at  the  same  time  the  style  bends  more  and  more  inwards,  so 
that  the  stigma  protrudes  farther  and  farther  from  the  carina. 
Cross-fertilisation  is  thus  insured  and  self-fertilisation  prevented 
in  case  of  insect-visits,  while  spontaneous  self-fertilisation  is  also 
prevented  in  absence  of  insects. 

The  most  remarkable  peculiarity  in  the  flowers  of  the  La- 
burnum is  that,  like  those  of  Orchis  mascula,  0.  morio,  &c,  they 
only  supply  nectar  inclosed  in  cellular  tissue.  The  ordinary 
secretion  of  honey  and  the  ordinary  means  of  access  to  the  honey 


IV..  fit.— Cylisus  Laburnum,  L. 

1  -Basal  part  of  an  old  flower,  seen  from  above,  after  removal  of  calyx  and  vexillum. 
o  3  4 —Stigmas  of  younger  flowers. 

tSofcal^ 
S^^^^S^^WS&A  the  upper  surface  of  the  canna;  /,  car.ua; 

p,  its  cleft. 

are  here  wanting,  and  the  stamens  are  monadelphous ;  but  in 
front  of  the  point  of  attachment  of  the  vexillum  as  a  thick,  fleshy 
swelling,  so  rich  in  honey  that  if  a  fine  glass  tube  be  inserted  in  i 
a  column  of  clear  fluid  ascends  the  tube.  The  vexillum  is  marked 
with  dark  lines  pointing  towards  the  base  of  the  flower,  which  can 
on  v  be  interpreted  as  pathfinders,  and  an  insect's  proboscis  inserted 
bleath  the  vexillum  comes  without  fail  to  the  nectary.  I  have 
seen  both  bees  and  butterflies  inserting  their  tongues  into  numerous 
flowers  in  succession,  spending  some  time  on  each  ;  the  bees  h 
theT  pollen-baskets  empty,  and  were  therefore 

iiLL  nollen    It  seems  therefore  impossible  to  doubt  that  tn< 
if^tXse  of  the  vexillum  is  actually  pierced  by  bees 
Id  butterflies  for  the  sake  of  its  secretion. 
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A.  Hymenoptera— Apidce :  (1)  Bombus  kpidarius,  L.  ?  $ ,  sometimes  s., 
sometimes  c.p.  ;  (2)  B.  terrestris,  L.  ?,  s.  ;  (3)  Andrena  atriceps,  K.  $  <?,  s.  ; 
(4)  A.  albicans,  K.  ?,  c.p.  ;  (5)  A.  xanthura,  K.  ?,  c.p.  ;  (6)  Apis  mellifica, 
L.  c.p.,  veryab.  B.  Lepidoptera— Noctuce :  (7)  Plusia  gamma,  L.,  s.,  freq- 
C.  Coleoptera— Nitidulida :  (8)  Meligetbes,  creeping  about  within  the 
flowers. 

Cytisus  sagittalis,  Koch,  is  visited  by  bees  only  ;  I  have  noted 
eight  different  species  upon  its  flowers  (590,  11.). 

In  Cytisus  canccriensis,  L.,  and  G.  albus,  Link.,  according  to 
Hildebrand,  the  carina  bends  down  slightly  under  pressure,  and 
the  anthers  and  style  first  move  slightly  downwards  with  it,  and 
then  spring  upwards  so  that  the  pollen  flies  out  and  part  of 
it  is  applied  without  fail  to  the  stigma  (No.  346).  It  is,  however 
hardly  conceivable  that  such  an  action  effected  by  insects  should 
lead  only  to  self-fertilisation. 

112.  Cytisus  (Saeothamnus)  scopaeitjs,  Koch.— The  flowers 
like  those  of  our  species  of  Genista,  are  explosive  and  devoid  of  honey' 
Darwin  noticed  that  the  flowers  do  not  explode  spontaneously  and 
scarcely  set  a  single  capsule  if  protected  from  insects;  but 'that 
when  an  insect  visits  the  flower,  first  the  short  stamens  explode,  dust- 
„_j  xi_  1  r*  *      ^  tiiG  longer 

stamens,  dusting  it  above 
and  that  finally  the  pollen  applied  to  the  under  side  of  the  insect 
by  the  shorter  stamens  fertilises  those  stigmas  which  are  not 
covered  with  pollen  at  the  moment  of  explosion 

I  have  observed  the  way  in  which  insects  operate  on  the  flower 
most  c  osely  m  the  case  of  the  hive-bee.  The  bee,  on  aHghZ 
grasps  the  ate  with  its  mid  and  hindlegs,  thrusting  its  foreleg  and 

ma^ns  of  the  carina  split  asunder  from  behind  forwards.  [The 

dosed  upper  edt  of  L        '  ^  ^W  the 

Part  of  their pollen  t      +  T**  ?*  *>  G5)'         n0W  they  fovce 
IS  not  enoncrh  +^  ^ 

side  of  the  bee.    The  shock 
moment,  and  then  ^  aWay  ;  &t  most  {t  T*™*  a 

split  now  qutk  v  ex  nXf  T     *f-  T]le 
^      b  ^fc^«.«»d  *  has  scarcely  reached  the 
tip  ot  the  style  lies  than  a  second  and  mnoh 


a  second  and  much 
o  2 
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more  violent  explosion  occurs.  The  style  lies  until  this  second 
explosion,  along  the  lower  part  of  the  carina,  and  its  flattened 
terminal  part  lies  in  the  apex  of  the  carina  above  the  longer 
anthers  which  have  long  since  dehisced;  when  freed  from 
restraint  it  curls  inwards,  forming  more  than  a  complete  spiral 
turn  (7,  Fig.  65).    As  soon  as  the  split  extends  to  the  point  where 


PlO.  66.— Sarothammts  scoparius,  Kocli. 

i-=SSS1  rX^ereet,  and  shows  the  pathfinder. 

3'— Ditto,  after  removal  of  the  vexillum,  from  above. 

fc^fiSSEE i^sh^ng  the  concavity  /,  which  rests  upon  the  convexity  f  oi  the 
CaT4nc -The  convex  swelling  of  the  carina  viewed  from  the  front. 

t^^^^^^^1^1  theVfiXmUm  ahV,mVObC°U 
Tlffiffi  &giZ2&'$&*»  of  the  superior  median  stamen  (!). 

the  end  of  the  style  lies,  the  style  springs  up  striking  the  hack  of 
the  bee  with  its  stigmatic  tip;  almost  m  tire  same 
oreater  part  of  the  pollen  carried  away  by  the  expanded  end  oi 
Se  style  is  shed  upon  the  bee's  back,  and  at  the  same  tunc  the 
W  sLnens.  to  which  some  pollen  still  adheres,  cur  inwards  and 
H.'^rn  the  flower.  When,  as  often  happens,  the  bee  ts  so  hel 
t  the'tigma  cannot  slip  off  at  the  side  but  remains  pressed 
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against  its  back,  it  stays  for  some  seconds  motionless  as  though 
stunned,  and  then  turns  round,  freeing  itself  from  the  style, 
and  begins  to  gather  pollen  upon  the  anthers  with  its  mouth 
and  legs. 

The  behaviour  of  humble-bees  is  on  the  whole  similar  to  that 
of  the  hive-bee.  But  while  the  hive-bee  is  only  strong  enough 
to  cause  the  flower  to  explode,  often  causing  only  the  shorter 
stamens  to  escape,  humble-bees  are  able  easily  to  force  open  any 
flower  in  which  the  vexillum  has  become  erect ;  and  they  may  be 
seen  not  unfrequently  to  break  open,  though  with  considerable 
effort,  flowers  in  which  the  ahe  are  still  inclosed  by  the  vexillum. 

Cross-fertilisation  is  insured,  since  the  stigma  is  always  mature 
in  flowers  capable  of  exploding,  and  since  the  bee's  back  is  always 
touched  by  the  stigma  an  instant  before  the  fresh  pollen  is  applied 
to  it.     And  even  the  flower  to  which  the  bee  pays  its  first 
visit,  and  whose  stigma  is  not  pollinated  in  the  first  instance,  has 
a  fair  chance  of  being  fertilised  subsequently,  as  the  style  curls 
round  so  far  as  to  bring  the  stigma  again  uppermost.    A  second 
visitor  can  therefore  easily  apply  pollen  to  it  from  the  same  or  from 
another  flower,  and  the  flower  is  certain  to  be  again  visited  I 
have   only  occasionally   seen  hive-bees   and   humble-bees  visit 
exploded  flowers,  but  the  pollen  that  they  leave  is  gleaned  by  the 
smaller  bees,  flies,  and  beetles,  which  are  not  strong  enough  to 
force  open  the  young  flowers.    I  have  found  females  of  Andrena 
ftdvicrus,  K.,  Halirtus  zonulus,  Sm.,  and  Osmia  fusca  Chr  busilv 
collecting  pollen  on  exploded  flowers ;  Rhmgia  rost'rata  and  the 
beetles  Meligethes  and  Anthobium  are  often  to  be  seen  feeding  on 
these  remnants  of  pollen.    There  is  no  doubt  that  many  flowers 
of  Sarothamnus,  which  have  been  exploded  by  bees  not  yet  dusted 
with  pollen,  are  fertilised  by  such  supplementary  visitors  The 
shorter  stamens  which  apply  their  pollen  to  the  under  sides  of  bees 

i?1^7S  af   positlon  of  the  stigma  after  exPlosio*  ^ 

it  also  is  liable  to  come  m  contact  with  the  under  surfaces  of 
^  stand  m  close  relation  with  this  supplementary   ™  of 

lowei^nrtbXkrin  Labl™'  ^  V6Xillum  is  ™'ked  *  i* 
If Z  fl      7  darkhnes  coursing  Awards  the  base  of  the  flower 
If  the  flower  contained  honey,  these  lines  could  only  be  explained 
;■;  V*         ors  but  here  the  flowers  have  neither  iy  frefwy 

may  either  be  Tnl?       ^    In  this  ^  the  dark  lines 
7       C1    -  "  USeless  ^entance  from  ancestors  whose  flowers 
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contained  honey,  or  else  they  may  be  of  use  to  the  plant  by  leading 
bees  which  visit  it  for  the  first  time  to  expect  honey  and  accord- 
ingly to  perform  the  actions  necessary  for  exploding  the  flower. 
When  the  explosion  occurs,  the  bee  finds  its  hopes  of  honey  gone, 
but  its  labour  is  repaid  by  such  an  abundant  store  of  pollen  that 
it  proceeds  to  visit  other  flowers  merely  to  collect  pollen. 

Visitors  :  A.  Hymenoptera— Apidce :  (1)  Apis  mellifica,  L.  $  !  very  ab.  ; 
(2)  Bombus  lapidarius,  L.  $  !  (3)  B.  terrestris,  L.  ?  !  botb  ab.  ;  (4)  B.  agrorum, 
F.  $  !  (5)  B.  bortorum,  L.  ?  !  (6)  Andrena  Mvicrus,  K.  ?  ;  (7)  Halictus 
zomilus,  Sm.  ?  ;  (8)  Osniia  fusca,  Obrist.  ? ,  all  c.p.  (tbose  marked  (!)  forced 
tbe  flowers  open).  B.  Diptera— Syrphida :  (9)  Ebingia  rostrata,  L.,  f.p.,  ab. 
C.  Coleoptera— (a)  Staphylinidce :  (10)  Antbobiam,  f.p.  ;  (b)  NiUdulidm:  (11) 
Meligetbes,  f.p. 

Ulex  europceus,  L.,  has  explosive  flowers,  which,  according  to 
Dr.  Ogle's  description,  agree  essentially  with  those  of  Genista 
tinctoria  (633). 

Amorpha  fruticosa,  L.,  and  A.  canescens,  Nutt.— The  carina  and 
alaa  are  abortive  ;  the  stamens  and  style  are  exserted.  The  small 
flowers  devoid  of  a  platform  for  insects,  are  arranged  in  a  spike,  on 
which  bees  can  easily  creep  from  flower  to  flower.  The  flowers  are 
proterogynous,  with  persistent  stigmas.  They  are  cross-fertilised, 
according  to  Beal,  by  bees  and  wasps,  which  work  upwards 
beginning  at  the  bottom  of  the  spike  (41,  178>  59°.  IL)- 

° Indigofera.— According  to  Hildebrand's  figures  and  descrip- 
tion (346),  the  flowers  are  so  far  explosive  that  the  carina  and 
alas  flap  downwards,  while  the  reproductive  organs  remain  erect ; 
self-fertilisation  takes  place  as  the  flower  withers.  Henslow  (323) 
described  the  flowers  of  /.  speciosa  with  reference  to  HUde  brand  s 
description,  and  maintained  justly  that  their  structure  was  only 
intelligible  on  the  supposition  that  it  led  to  cross-fertilisation 

L  macrostachya,  Vent.,  was  seen  by  Delpino  to  be  visited  by 
Bombus  Italicus  (178). 

113  Coronilla  Emerus,  L.-Delpino  has  thoroughly  described 
in  the  case  of  this  flower  the  piston-apparatus  which  we  have 
studied  in  Lotus  corniculatus.  As  visitors  he  observed  Bombus, 
Anthophora  pilipcs,  JSucera  longicomis,  and  Xylocopa  violacea. 

114  Coronilla  varia,  L,  resembles  Lotus  corniculatus  in 
regard  to  its  piston-apparatus,  but  the  flower  contains  no  honey ; 
it  is  nevertheless  diadelphous  (178,  p.  45).  In  Thurmgia  I  have 
seen  it  visited  abundantly  by  hive-bees. 

Mr.  T.  H.  Farrer  discovered  that  honey  occurs  on  the  fleshy 
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outer  surface  of  the  calyx.  He  found  that  bees  obtained  this 
honey  in  the  following  manner :  they  alighted  on  the  flowers  in 
the  usual  way,  and  inserted  their  tongues  as  usual  beneath  the 
vexillum;  then,  however,  the  proboscis  came  through  the  wide 
interspace  which  is  left  between  the  unusually  narrow  claws  of  the 
petals,  and  so  reached  the  outer  side  of  the  calyx.  The  same  holds 
good  of  Coronilla  montana,  Scop,  0.  glaum,,  L.,  and  G.  minima,  L. 
(244)- 


Fig.  66.-  Hippocrepis  comom,  L. 

A.  — Flower,  from  the  side  (x  4). 

B.  — Ditto,  from  the  front. 

<^®S?S  .tS&or        °f  the  from  above  (x  7) 

E.— Inner  view  of  right  ala. 

P.— Carina,  from  the  side. 

Q  —Ditto,  in  section,  more  magnified 

flta  into  the  corresponding  fold  fa'  of  the  carina   *'  I '        2awV  fa'  Md  of  ala  wMch 

'r,  C  StanieB  ;  ™>         ■  V°,  1-llen  ;  .,  carin0"1"  *  **}  °> 

Lot!!5'  I?PP°CREPIS  ™MOSA,  L-This  flower  resembles  that  of 
but  i  i?  t    ™?m^lch  tne  P°Uen  is  pumped  out  (178,  360), 

thfltTieo°laW  °f  ^  Vexillum  is  80  n^row  and  so  much  curved  (A) 
that  one  can  see  between  it  and  the  stamens.    On  the  under  side 
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of  its  base  it  bears  a  flattened  triangular  process  (vp.  C1  C2)  wlricb 
fits  exactly  over  tbe  nectaries  (h)  and  closes  them  with  considerable 
firmness.  A  bee  visiting  the  flower  can  only  obtain  the  honey  by 
using  the  vexillum  as  a  long  lever  to  raise  up  this  lid  ;  and  to  do 

this  it  must  insert  its  head  beneath  the  vexillum,  and  consequently 
effect  cross-fertilisation. 

On  the  Alps  I  observed  various  bees  cross-fertilising  the  plant, 

and  also  numerous  Lepidoptera  which  visited  the  flowers  but  only 

effected  cross-fertilisation  occasionally  (609). 


Fia.  67. — Onobrychis  sativa,  Lam. 

LcE&fte™S  of  tl  vexillum  and  the  upper  half  of  the  calyx,  from  above. 
3.— Essential  organs,  from  the  side  (x  ')•  ...  ,   .  (pathfinders) :  e,  claw  of  ala  ; 

,  ^s^^C^^t^  £  carina,  through  which  the 

anthers  and  stigma  emerge. 

116  Onobkychis  sativa,  Lam.-The  flower  has  tbe  same 
simple  structure  as  we  have  studied  in  the  case  of  Mehlotus  and 
Trifolium  :  when  the  carina  is  depressed,  the  strgma  and  the  anthers 
(which  dehisced  in  the  bud)  emerge,  and  when  the  pressure  is 
removed  the  carina  springs  up  and  again  incloses  these  organs. 
The  arrangement  in  this  case  is  still  simpler  than  a  the  two 
Sove-Bled  genera,  since  tbe  carina  performs  by  itself  the  func- 
Sns  which  the  alas  formerly  shared  with  it;  for  the  al^  axe  very 

I  reduced  only  covering  the  claw  of  the  carina,  and  serving 
Z^KtTrUr  difficult  the  re,  „  of  honey  at  ,H, 
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side.  The  carina  alone  forms  the  platform  for  insects  to  alight  on, 
and  the  lever  by  which  its  own  downward  rotation  is  effected  :  its 
own  elasticity  brings  it  back  to  its  former  position  on  removal  of 
the  pressure. 

Cross-fertilisation  is  insured,  in  case  of  insect-visits,  by  the 
prominence  of  the  stigma,  which  must  touch  the  under  surface 
of  an  alighting  insect  in  advance  of  the  anthers.  In  absence  of 
insects,  self-fertilisation  cannot  occur,  especially  as  the  style  con- 
tinually grows,  so  that  in  older  flowers  it  protrudes  for  a  distance 
of  1  to  1 1  mm.  beyond  the  carina.  The  brightly  coloured  flowers, 
massed  in  racemes,  attract  numerous  insects.  The  calyx-tube  is 
only  2  to  3  mm.  long ;  the  broad  vexillum  ascends  at  a  very  small 
angle  from  the  horizontal,  and  is  the  better  fitted  to  serve  as  a 
fulcrum  against  which  the  bee  may  place  its  head  while  thrusting 
down  the  carina  with  its  legs.  Both  honey  and  pollen  are  thus 
rendered  accessible  to  short-lipped  bees.  In  sunny  weather  the 
flowers  are  the  resort  of  so  many  insects  that  they  can  well 
afford  to  dispense  with  the  power  of  self-fertilisation. 

Visitors  :  A.  Hymenoptera— Apidce :  (1)  Apis  mellifica,  L.  $  (6),  s.  and 
c.p.  ;  so  abundant  as  to  make  nine-tenths  of  all  the  visitors  ;  (2)  Bombus  senilis, 
Sm.  $  (14—15)  ;  (3)  B.  silvarnm,  L.  ?  (12—14)  ;  (4)  B.  agrorum,  F.  ?  (12— 
15)  ;  (5),B.  confusus,  Schenck,  ?  (12—14)  ;  (6)  B.  terrestris,  L.  ?  (7—9)  ;  (7) 
B.  muscorum,  F.  ?  $  (10—14)  ;  (8)  B.  pratorum,  L.  ?  $  (8— 11$)  ;  (9)  B. 
Scrimshiranus,  K.  9" :—  all  sometimes  suck  honey,  sometimes  collect  pollen  • 
(10)  B.  (Apathus)  rupestris,  F.  $  (12—14),  s.  ;  (11)  B.  campestris,  Pz.  9 
(10—12),  s.  ;  (12)  Eucera  longicornis,  L.  $  9  (10—12),  s.  and  c.p.  ;  (13)  An- 
drena  labialis,  K.  $  s.  and  c.p.;  (14)  A.  nigroamea,  K.  $  (3);  (15) 
Hahctus  albipes,  F.  9  (3),  s.  and  c.p.  ;  (16)  H.  flavipes,  F.  9 ,  s.  and  c  p  •  (17) 
H.  lugubris,  K.  9  ;  (18)  Megachile  circumcincta,  K.  9 ,  s.  and  c.p  •  (19) 
Osnua  aurulenta,  Pz.  9  (8-9),  s.  and  c.p.  (Thur.)  ;  (20)  O.  spinulosa,  K.  9 
(Thur.)  ;  (21)  Chalicodoma  muraria,  F.  9  (10),  s.  and  c.p.  (Thur )  •  (22) 
Ccehoxysconoidea.Ill.  9,s.  B.  Diptera-tyrpAkfa  .•  (23)  Volucellaplumata; 
U  (/— 8).  C.  Lepidoptera—  (a)  Rhopalocera :  (24)  Pieris  napi,  L.,  s.;  (25) 
Lycsena  sp.  ;  (6)  Sphinges :  (26)  Zygaana  carniolica,  Scop.  (Thur.) ;  (c)  Nociucv  ■ 
(27)  Eudidia  glyphica,  L.  ■  (28)  Plusia  gamma,-.  L.,  ab. -all  sucking,  but 
apparently  not  effecting  fertilisation.    See  also  No.  590,  rr. 

Stylosanthes,  Swartz,  Arachis,  L.,  Hrterocarpma,  Phil,  Lesperdcza 
Kich.  and  Clmpmannia,  Torr.  and  Gr.,  have  cleistogamic  flowers 
according  to  Kuhn. 

(59f  n  r  ^  L"  ^  ViSited  ^       h0ney_bee  and  ^  Lepidoptera 
Vicia  hirsute  Koch,  is  remarkable  for  the  great  simplification 
*  the  whole  mechanism  of  the  flower,  in  relation  to  its  greal 
reduction  in  size  (590,  ti.). 
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117.  Vicia  Cracca,  L— The  Vetches,  afford  an  instance  of  how 
much  caution  is  needed  before  drawing  conclusions  for  a  whole 
genus  from  a  single  species.  Delpino  describes  a  brush  of  hairs 
upon  the  style  as  a  character  of  the  genus  Vicia,  without  mention- 
ing what  species  he  observed  it  in  (178);  but  his  description 
applies  only  vaguely  to  V.  sepmm,  and  not  at  all  to  V.  Gracca.  In 
other  peculiarities  of  structure  the  Vetches  which  I  have  examined 
show  remarkable  diversity. 

In  V.  Gracca  the  style  is  very  short  (about  Ih  mm.  long),  and 
for  some  distance  below  the  stigma  it  is  covered  with  long,  slanting 
hairs  (5,  Fig.  68).  Though  the  hairs  are  longer  and  closer  on  the 
outer  side  than  on  the  inner,  they  form  a  cylindrical  brush  rather 


Fig.  68. — Vicia  Cracca,  L. 

1.  —  Flower,  from  the  side  (x  3). 

2.  — Ditto,  after  removal  of  calyx  and  vexillum.  from  above,  a  little  more  magnified. 

3.  — Ditto,  after  removal  of  the  ala:  also. 

4.  — Inner  view  of  left  ala. 

5.  — Style,  highly  magnified. 

o  6  anterior  and  posterior  infoldings  of  the  superior  border  of  the  ala  ;  a,  b.  corresponding  de- 
pressions in  the  carina;  c,  process,  a  lobe  of  the  superior  border  of  the  ala,  directed  backwards 
and  inwards  •  d  claw  of  ala ;  e,  claw  of  carina ;  /,  swollen  point  of  the  carina,  containing  tlie 
pollen  ■  g,  superior  basal  lobes  of  carina ;  ft,  honey  ;  p,  brush  ;  o,  orifice  for  exit  of  style  ;  st,  stigma . 


than  a  basket  (cestella)  as  Delpino  describes  them.  The  anthers, 
which  lie  close  round  the  brush  of  hairs,  dehisce  and  shed  their 
pollen  upon  the  hairs  when  the  flower  has  scarcely  attained  half 
its  full  size  ;  and  the  stigma,  which  is  overtopped  all  round  but 
especially  on  the  outer  side  by  hairs,  is  also  covered  with  pollen. 
The  brush  of  hairs,  thus  covered  above  and  all  round  with  pollen,  lies 
in  a  pouch  of  the  flattened  tip  of  the  carina  (/,  2,  3),  and  emerges 
when  the  carina  is  depressed  from  the  narrow  slit  at  its  tip. 

As  in  other  Papilionaceae,  the  carina  is  depressed  by  means  of  the 
alse,  which  are  firmly  connected  with  it  and  which  serve  as  long 
levers  on  which  the  insect  alights. 

Each  ala  is  connected  at  two  points  with  the  margin  of  the 
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carina.    In  the  middle  of  its  upper  border,  each  ala  has  a  small  but 
deep  fold  (a,  2,  4),  which  fits  into  a  concavity  in  the  upper  surface 
of  the  carina  (a',  3)  immediately  behind  the  swelling  which  contains 
the  pollen.    Close  behind  this  the  side  of  each  ala  bulges  inwards 
forming  a  depression,  much  broader  and  not  less  deep,  which  unites 
so  firmly  with  a  broad  but  shallow  concavity  in  the  upper  surface  of 
the  carina  (b',  3)  that  it  requires  the  greatest  care  to  separate  the 
two  without  tearing.    This  intimate  union  is  due  to  the  fact  that 
the  epidermis  of  the  two  petals  over  part  of  the  surfaces  of  contact 
is  composed  of  large  hexagonal  cells  (TV  to  T\  mm.  in  diameter)  of 
which  those  on  the  one  petal  are  strongly  convex,  and  fit  into  cor- 
responding concavities  in  the  cells  on  the  other.    The  same  kind  of 
union  thus  connects  individual  cells  as  on  a  larger  scale  connects  the 
two  petals. 

The  alas  and  carina  return  after  each  depression  to  their  former 
place    This  is  due  :  (1)  to  their  own  elasticity  ;  (2)  to  the  processes 
{c,  2,  4)  which  pass  backwards  and  inwards  from  the  superior  basal 
angles  of  the  alae  to  he  upon  the  staminal  column  ;  (3)  to  the  two 
superior  basal  lobes  of  the  carina  (g,  g,  2,  3),  which  embrace  the 
stammal  column,  and  leave  only  a  narrow  slit  between  them  in  the 
middle  hue;  (4)  to  the  broad  base  of  the  vexillum,  which  curves 
round  on  each  side  so  as  to  embrace  completely  the  claws  of  the 
alaa  and  carina,  while  it  in  turn  is  embraced  and  held  firmly  in 
position  by  the  calyx.    By  these  four  conditions  all  the  parts  of  the 
flower  are  caused  to  return  accurately  to  their  former  places  after 
each  insect-visit.    The  flowers  therefore  preserve  the  same  appear- 
ance, and  are  visited  repeatedly  by  insects,  so  that  their  pollen  is 
carried  away  bit  by  bit,  and  the  stigma  at  length  rubbino^  the 
under  side  of  the  insect  becomes  viscid  (cf.  Latly^pZ^s) 
and  covered  with  pollen  brought  from  other  flowers  } 

makeSst'f  ^  ^  ^  fi^their  small  size 

Wv  and  I  ^  t0/eaCh       h°De^    The  ab™d—  of 

2  &  £  tA/!  mtf fica' L 9  > exceedi^ 

collecting  pollen  iHSw  ^?  ^  three  SeCOnds  011  eacl^ower.  When 
carina  as  % ^M * J£ "ad  *f 61  **>  the  flo-r  to  depress  the 

*e  pollen)  5  ^o^t^T  IT.  £  %  f  1™°  ^  <* 
Eajellus,  111  «  .  ^  T?  q   •    i  ¥  9  '  ^  B-  llort°rum,  L.  0  ;  (4)  B. 

*™.  i ;  1  fcJSLL  SJ?^  *?  «  '  W  B.  (Ap  t4  veitilis, 

with  abdominal  collecting-brushes  J  "*{  J"*"*    Various  sPecie* 

M.  circumcincta,  K  9  I        \  Megachile  versicolor,  Sm.  ?;  (9) 

•  V,  ab.  ,  (10)  M.  manhma,  K.  ?  .  (n)  M.  Willughbiel  a 
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K.  (12)  Dipliysis  scrratulro,  Pz.  (13)  Osmia  adunca,  Latr.  $,boths. 
and  c.p.  ;  also  the  males  of  9,  12,  13,  sucking  ;  (b)  Vesjpidas :  (14)  Odynerus 
simplex,  F.  $ .  B.  Diptera — Em/pidca :  (15)  Empis  livida,  L.,  ab.,  b.  (It  Btands 
upon  a  neighbouring  flower,  and  inserts  its  tongue  beneath  the  vexillum  without 
effecting  fertilisation).  C.  Lepidoptera — (16)  Pieris  rapse,  L.,  s.,  without 
effecting  fertilisation.    See  also  No.  590,  it.,  and  No.  609. 

118.  Vicia  sepium,  L. — The  style  is  2|  mm.  long;  close  beneath 
the  oval  stigma  it  bears  on  the  outer  and  inner  sides  two  brushes, 
quite  separate  from  each  other,  each  about  1  mm.  long.    The  brush 


Fia.  69. —  Vicia  aepium,  L. 

1.  — Flower,  from  the  front. 

2.  — Ditto,  from  above,  after  removal  ol  the  calyx  and  vexillum. 

3.  — Ditto,  after  removal  of  the  alaj  also. 

4.  — Ditto,  from  the  side. 

5.  _Style,  with  brush  and  stigma,  from  the  side. 
0.— Brush  and  stigma,  from  above. 

7. — Essential  organs  of  a  bud. 
(Letters  as  in  Fig.  6S.) 

on  the  inner  side,  which  must  go  in  advance  when  the  style  emerges 
from  the  carina,  is  formed  of  a  single  row  of  stiff  hairs,  slanting 
upwards  in  the  middle  line.  The  brush  on  the  outside  consists  of 
a  single  row  of  hairs  at  its  lower  end  only,  and  farther  upwards  it 
broadens  out  until  immediately  below  the  stigma  it  more  than  half 
surrounds  the  style ;  its  hairs,  which  in  the  lower  part  are  stiff  and 
slantino-  upwards,  diverge  more  and  more,  until  close  beneath  the 
sticrma°the  truncated  end  of  the  brush  forms  a  shallow  saucer- 
shaped  hollow  (P>  5,  6).  In  the  bud  the  two  brushes  lie,  surrounded 
bV  all  the  anthers  (p,  7),  in  an  expanded  part  of  the  apex  of  the 
carina  (/,  3,  4).    The  anthers  dehisce  when  the  petals  are  nearly 
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full-grown,  and  surround  the  brushes  with  pollen ;  they  themselves 
are  withdrawn  from  the  expanded  part  of  the  carina  by  contraction 
of  the  filaments.  As  soon  as  this  has  taken  place,  the  blade  of  the 
vexillum,  which  is  adorned  with  dark  lines,  becomes  erect,  and  its 
sides  bend  backwards  ;  the  alas  arch  outwards,  forming  a  convenient 
platform  for  bees,  and  the  flower,  which  had  begun  to  secrete  honey 
abundantly  in  the  later  stages  of  the  bud,  is  now  in  every  respect 
ready  for  its  visitors. 

Though  the  mechanism  of  the  flower  resembles  that  of  V. 
Cracca  except  in  regard  to  the  brushes  on  the  style,  its  larger  size 
and  some  apparently  slight  differences  in  structure,  cause  a  great 
difference  in  the  number  of  visitors,  and  exclude  flies  and  Lepid- 
optera,  which  in  V.  Cracca  suck  the  honey  without  benefiting 
the  flower. 

The  following  conditions  produce  this  result : — 

(1)  The  flowers  are  not  only  considerably  larger,  but  the  petals 
are  notably  thicker  and  stronger,  so  that  much  more  force  is  needed 
to  push  apart  the  vexillum  and  alas  than  in  V.  Cracca. 

(2)  The  calyx-tube  surrounds  the  claws  of  the  petals  for  a 
greater  distance. 

(3)  In  V.  Cracca  as  well  as  in  V.  scpium  the  entrance  between 
vexillum  and  alae  is  firmly  closed  by  two  grooves  on  the  upper 
surface  of  the  vexillum  where  the  claw  joins  the  blade,  which 
project  on  the  lower  surface  as  two  ridges  fitting  tightly  to  the  alee 
In  V.  Cracca  these  are  thin-walled,  and  even  an  JEmpis  can  insert 
its  proboscis  beneath  the  vexillum ;  but  in  V.  scpium  they  are  much 
thickened. 

(4)  The  alaa  in  V.  scpium  form  a  relatively  much  shorter  lever 
tor  depressing  the  carina  than  in  V.  Cracca. 

Owing  to  all  these  circumstances,  it  is  only  the  most  powerful 
bees  viz.,  Bombus  and  Anthophora,  which  can  possess  themselves  of 
the  honey  in  a  legitimate  way. 

This  is  an  advantage,  in  so  far  as  it  completely  excludes  flies  and 

LepKloptera,  which  m  V.  Cracca  often  steal  the  honey  without  being 
o f  an   use  t  the  pl       ^  it  ^  .fc  &    J      ^  bemg 

Sdln*w?\atage'    F°r  ^nMslrrcstris, 
hot  1  hS  //r^       h°ney  1^™^J>  regularly  bites  a 
the  flower  through  calyx  and  corolla;  and  so 

^^^^m^^^^  Uneven  unopened 
is  needml  in     n   \  *  °f  dePre^*g  the  carina  so  far  as 

needful  in  collecting  pollen,  prevents  those  bees  which  suck 
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honey  legitimately  on  V.  sepium  from  collecting  pollen  also  on  its 
flowers,  and  thus  diminishes  the  number  of  their  visits. 

The  stigma  of  V.  sepium  resembles  that  of  Lathyrus  pratensis 
in  the  way  in  which,  when  it  is  rubbed  on  a  piece  of  glass,  first  its 
own  pollen  is  rubbed  off,  and  then  its  papillse  are  injured  and  exude 
a  sticky  fluid. 

The  visitors  are  all  bees,  viz.  : — (1)  Bombus  agroruin,  F.  $  $  ;  (2)  B.  Eajellus, 
III.  ?  ;  (3)  B.  lapidarius,  L.  ?  $  ;  (4)  B.  silvarum,  L.  ?  ;  (5)  Antbopbora 
pilipes,  F.  $  ^ , — all  sucking  normally  ;  (6)  Bombus  terrestris,  L.  $ ,  biting  a 
hole  and  stealing  the  boney  ;  (7)  Osmia  rufa,  L.  ?  ;  (8)  Apis  mellifica,.  L.  $  , — 
both  make  use  of  tbe  boles  made  by  B.  terrestris.  Both  species  have  tongues 
long  enough  (Osmia  rufa  8  mm.,  Apis  6  mm.),  but  are  not  strong  enough  to 
reach  the  boney  in  the  legitimate  way.    See  also  No.  590,  11. 

Vicia  angustifolia,  Roth. — The  brushes  on  the  stjde  are  similar 
to  those  in  V.  sepium.  The  visitors  are  humble-bees,  Saropoda, 
and  Lepidoptera  (590,  II.). 

119.  Vicia  Faba,  L. — The  brushes  on  the  style  are  similar  to 
those  of  V.  sepium.   In  spite  of  the  much  greater  size  of  the  flower, 
both  its  honey  and  pollen  are  more  accessible  than  those  of  V.  sepium, 
though  to  reach  the  honey  a  longer  proboscis  is  needed.  The  vexil- 
lum  and  alse  fit  much  less  firmly  together,  and  the  carina  is  much 
more  easily  depressed.  The  thickened  processes  which  in  V.  sepium 
project  from  the  under  side  of  the  vexillum  are  here  wanting ;  the  claw 
of  the  vexillum  (13  to  16  mm.  long)  is  only  loosely  embraced  by  the 
calyx-tube,  and  for  a  distance  of  only  6  to  7  mm.  above,  and  8  to  10 
mm.  below.    The  vexillum  is  therefore  easily  pushed  upwards,  and 
those  humble-bees  which  have  a  proboscis  long  enough  to  reach 
the  honey  in  V.  Faba,  can  do  so  more  easily  in  that  flower  than  m 
V.  sepium.    The  two  depressions  by  which  the  alse  and  carina  are 
united  in  V.  Gracca  and  V.  sepium  occur  also  in  the  Bean,  but  m  the 
latter  the  interlocking  of  the  individual  cells  is  less  marked  than  m 
the  others,  so  that  the  alse  and  carina  may  be  easily  separated  with- 
out tearing.    The  two  posterior  processes  of  the  alas,  whose  use  is  to 
keep  the  alse  and  carina  in  their  proper  place  in  relation  to  the 
staminal  column,  are  here  much  reduced  and  easily  slip  down  from 
the  upper  surface  of  the  carina.    The  alse  and  carina  are  easily 
depressed,  all  the  more  that  the  alse  project  far  beyond  the  carina, 
formino-  a  powerful  lever  acted  on  by  the  weight  of  the  bee.  Ihus 
to  reach  the  honey  is  here  a  matter  of  little  difficulty,  and  is 
possible  even  for  the  smaller  bees. 
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Owing  to  the  small  elasticity  of  the  alse  and  carina  in  the  bean- 
flower,  they  fail  to  return  to  their  former  place  if  they  are 
thrust  far  down,  but  leave  the  end  of  the  style  with  its  stigma  and 
brushes  and  even  the  empty  anthers  exposed. 

Visitors  :  A.  Hynienoptera— Apidce :  (1)  Bombus  hortorum,  L.  ?  (21)  ; 
(2)  B.  senilis,  Sin.  Q  (14—15)  ;  (3)  B.  confusus,  Schenck,  ?  (14)  ;  (4)  B.  lapi- 
darius,  L.  ?  (12—14) ;  (5)  B.  silvarum,  L.  $  (14) —ail  sucking  in  the  normal 
way,  ab.  ;  (6)  B.  terrestris,  L.  ?  (7—9),  sucking  honey  through  holes  bitten 
m  the  tube  ;  (7)  Apis  mellifica,  L.  $  (6),  sometimes  c.p.,  sometimes  sucking 
through  the  holes  bitten  by  B.  terrestris  ;  in  the  former  case  it  effects  cross- 
fertilisation  as  well  as  those  bees  which  suck  in  the  normal  manner  •  (8)  An- 
drena  convexiuscula,  K.  $ ,  c.p.  ;  (9)  A.  labialis,  K.  £ ,  seeking  in  vain  for  honey  ; 
(10)  Osmia  rufa,  L.  ? ,  sucking  normally— it  creeps  so  far  into  the  flower  that 
its  whole  head  is  hidden  under  the  basal  part  of  the  vexillum.  B  Coleoptera 
--Malacodermata:  (11)  Malachius  bipustulatus,  F,  feeds  upon  the  stamens 
alter  they  have  been  laid  bare  by  repeated  visits  of  humble-bees. 

Darwin  found  the  fertility  of  the  bean  reduced  to  a  third  when 
nasects  were  excluded  by  a  net;  but  if  the  flowers  were  shaken 
they  produced  good  and  well-filled  pods  though  still  protected  from 
insects  (152). 

Vicia  amphicarpa,  Dorthes.,  has,  besides  its  ordinary  flowers  cleis- 
togamic  flowers  without  petals  on  subterranean  shoots  (399,  531). 

120  Lathyrus  pratensis,  L.-This  plant  affords  us  another 
example  of  a  papilionaceous  flower,  in  which  when  the  carina  is 
depressed  the  tip  of  the  style  only  emerges,  and  sweeps  part  of  the 
pollen  out  of  the  apex  of  the  carina  by  means  of  a  brush,  applying 
it  to  the  under  side  of  the  bee,  afterwards  returning  within  the 
carina  when  the  pressure  is  removed. 

The  style,  which  ascends  vertically  from  the  end  of  the 
horizontal  ovary,  curving  slightly  inwards,  expands  immediatelv 
below  the  oval  stigma  into  an  elliptic  lamina.  This  lamina  is 
covered,     t  only  on  ^  edgeS)  ^  8  ^   a  » 

whole  surface  turned  towards  the  base'of  the"  flower  wM  1 " at 
1-nting  ob hquely  upwards ;  it  lies  in  the  conical  apex  0  SfoariT 
which  points  directly  upwards  (5  Fia  70)  and  L  w  l  ' 

turned  towards  the  base'of  the  flies'  7so  he  tl ^ 

ale   ^  reach  SjT,^  *  *»  ^ 

fold  (a')  from  thP  ™Z  &   '   1  Whl°h  18  sePa™ted  by  a  deep 

the  cone  ("  4  5T^U  °^  ^  ^  ^  °f 

anthers,  ffiV  th.e  thls  P™<*  contains  all  the 

'  °"ly  dehlsce  "^mediately  before  or  during  the 
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expansion  'of  the  flower.  The  pouch  becomes  quite  tilled  with 
pollen,  and  the  anthers  withdraw  into  its  lower  part.  The  hairy 
surface  of  the  style  and  the  stigma  are  thus  covered  with  pollen  in 
the  opening  flower,  and  each  time  that  the  carina  is  depressed  they 
emerge  at  its  apex  sweeping  a  little  pollen  out.  Since  the  hairs  of 
the  style  do  not  pass  into  the  lateral  pouches,  these  would  remain 
full  of  pollen,  were  it  not  that  when  the  carina  is  depressed,  the 


Fig.        Lutkyrus  pratensia,  L. 
1  —Flower,  slightly  enlarged,  from  the  Bide. 

2.-bitto,  from  above,  after  removal  of  the  calyx  and  vexillum  (  x  3«. 
3  — Inner  view  of  left  ala. 

4 —  Klmvpr  from  above,  after  removal  of  vexilliun  and  alee. 

5 -  Bud  Sout  to  expand  ;  the  calyx,  vexillum,  and  alee  have  been  removed. 
6.— Fore-part  of  ditto,  from  above. 

7 —Style,  from  above. 

ridge  (o)  of  the  vexillum  fits  ;  A,  Posterior  f?[  P™^!^  .  fc ;,  &e  entrances  to  the  honey  : 

,  AdU  of  the  carina ;  h  superior  ^^*^^^^^^1b  depressed  ;  n,  foliaceous 

e^i»^ 

^ep  fold  fro'mthe  upper  margin  of 

the  carina  on  each  side. 

empty  anthers  and  the  ends  of  the  filaments  pass  into  and  push  the 
pollen  out  of  the  pouches  into  the  apex  of  the  cone,  whence  it  is 
swept  out  by  the  style.  It  requires  considerable  force  to  depress 
the  carina,  since  the  style  with  its  hairs  has  at  the  same  time  to  be 
forced  through  the  slit  at  the  apex  of  the  carina. 

It,  stands  in  close  relation  to  this  arrangement  that  the  vmum 
of  the  two  halves  of  the  carina  is  strengthened  by  an  anterior 
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membranous  outgrowth  (n,  4),  and  that  the  alee  and  carina  are 
connected  very  firmly  with  one  another  and  with  the  staminal 
column.    The  union  between  the  alas  and  carina  is  formed  in  the 
following  way :— The  two  folds  or  grooves,  which  in  the  erect 
extremity  of  the  carina  separate  the  two  pouches  from  the  free 
margins,  are  continued  along  the  whole  horizontal  part  of  the  carina 
near  its  upper  border,  and  where  the  erect  part  joins  the  horizontal 
(at  a',  4,  5,  6)  they  each  form  a  broad,  rounded  pit  in  which  a  fold 
of  the  ala  (a,  1,  2,  3)  lies ;  further  towards  the  base  of  the  flower 
they  form  a  deep,  narrow  depression  on  each  side  of  the  cleft  of  the 
carina  (&',  4),  iu  which  a  process  directed  downwards  and  forwards 
from  the  upper  margin  of  the  ala  (b',  2,  3)  fits  firmly.    This  inter- 
locking is  rendered  more  secure  by  the  presence  of  numerous  blunt 
projections  on  the  marginal  process  of  the  ala  (b),  and  in  the  full- 
grown  flower  it  is  difficult  to  separate  the  ala  from  the  carina 
without  tearinsr. 

The  union  of  the  alee  and  carina  with  the  staminal  column  is 
effected,  as  m  Medicago  saliva,  by  two  long,  pouched  processes  of  the 
alse  (directed  backwards)  which  lie  upon  the  column  (d  2  3)  meet- 
ing one  another  in  the  middle  line.    When  the  alas  and  carina  are 
depressed  these  processes  clasp  the  sides  of  the  column,  and  as 
soon  as  the  pressure  is  removed  they  return  to  their  former  place 
on  its  upper  surface.    The  vexillum  closes  down  firmly  on  the 
ate,  preventing  useless  insects,  e.g.  flies,  from  obtaining  the  honev 
which  is  secreted  abundantly  in  the  ordinary  position  and  is 
reached  by  two  unusually  large  openings.    The  vexillum,  at  the 
junction  of  its  claw  and  lamina,  bears  two  deep,  narrow  depres- 
sions  which    project   below   as   two   sharp   ridges  conveidno- 

I  ?  ^Th  ^  W?  ^  &mly  int°  tW°  ^Pressir^h! 
noTli  nf  •/'        *  g      16  Stlgma  18  at  first  surrounded  by  the 
pollen  of  its  own  flower,  it  is  probable  that  in  case  of  insect 
v^ts  .ross-fertflisation  is  ensured.    For  this  pollen  with  whTch 
the   stigma  is  covered,  is  easily  rubbed  off  if  we  draw  the 

Xxrir    but  immediateiy  thTs%! 

fl  u  on  t  of  n  ^  ^  l6aVe  a  Hne  of  dear- sticky 
fluid  on  the  glass.     Owing  to  the  force  which  the  mechanism 

supposes,!:  :t  ^M^v^*^"1^ 

sticky  bv  breakmo-  T  18  rubbed  off,  its  surface  is  rendered 
to  adhere  to  ft     *     ™  01  ^  and  new  is  made 

Whether  in  absence  of  insects  the  stigma  finally  becomes 


210  THE  FERTILISATION  OF  FLOWERS.       [paut  hi. 

viscid  and  capable  of  fecundation  spontaneously,  and  is  thus  self- 
fertilised,  is  still  undetermined. 

The  visitors  are  exclusively  bees. 

(1)  Eucera  longieornis,  L.  £ ,  s.,  ab.  ;  (2)  Bombus  agrorum,  F.  <j>,  s.,  freq.  ; 
(3)  Diphysis  serratulae,  Pz.  $ ,  s  ;  (4)  Megachile  maritima,  K.  $ ,  s. ;  (5)  M. 
versicolor,  Sm.  ? ,  s.  and  c,p.    (Brilon,  10  July,  1869.) 

121.  Lathyrus  tuberosus,  L. — I  saw  this  plant  visited  very 
abundantly  by  the  honey-bee  in  July  1868,  in  Thuringia.  In  suck- 
ing, the  bee  inserted  its  proboscis  at  one  side,  above  one  of  the  alse. 
As  it  clung  to  one  of  the  alse  and  thrust  its  proboscis  in  laterally 
between  the  vexillum  and  carina,  it  pressed  the  carina  so  far  down 
that  the  style  and  pollen  emerged.  In  some  cases  the  pollen  did 
not  come  in  contact  with  the  bee,  in  others  the  stigma  and  the 
hairs  of  the  style  touched  the  bee  on  its  side. 

When  collecting  pollen,  the  bee  clung  to  both  alse,  thrusting  its 
head  and  forelegs  beneath  the  vexillum  in  the  middle  line.  The 
stigma  emerging  from  the  carina  came  directly  in  contact  with  the 
under  side  of  the  bee,  and  cross-fertilisation  was  effected  regularly. 
Besides  the  honey-bee  I  only  saw  two  butterflies,  a  yellow  Resperia, 
and  Pieris  rapce,  L.,  sucking  honey  on  the  flowers. 

122.  Lathyrus  SILVESTRIS,  L. — I.  saw  this  plant  in  Sauerland 
(July  12,  1869)  visited  also  by  hive-bees,  both  sucking  and 
collecting  pollen,  and  by  numerous  Lepidoptera,  which  bowever 
did  not  effect  fertilisation  (Rhodocera  rhamni,  L.,  Picris  rapce,  L., 
Vanessa  To,  L.,  V.  urticce,  L.,  Plusia  gamma,  L.). 

Delpino  mentions  as  the  chief  fertiliser  of  this  plant  Xylocopa 
violacea,  which  does  not  occur  in  Westphalia,  and  justly  emphasizes 
the  slanting  position  of  the  style-brush  as  an  adaptation  rendering- 
it  easier  for  the  bees  to  depress  the  carina  (178). 

Francis  Darwin  observed  that  bees  rob  L.  silvestris  of  its  honey 
by  biting  through  the  vexillum  close  above  the  calyx,  and  almost 
always  just  above  the  left  honey-passage,  which  is  commonly  the 
larger,— a  proof  of  capability  to  profit  by  experience.  The  un- 
symmetrical  development  of  the  passages  leading  to  the  honey  m 
L.  silvestris  is  in  relation  to  the  twisting  of  the  style,  and  thus 
asymmetrical  development  of  the  fruit  seems  related  to  both  ol 
these  facts  (169). 

123  Lathyrus  montanus,  Bernh.  (Orobus  tuberosus,  L.).— In 
Sauerland  (July  1869)  I  saw  this  plant  visited  by  Eucera  longicorms, 
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L.  ?,  s.  and  c.p ;  Bombus  pratorum,  L.  ?,  s. ;  and  Eesperia 
silvanus,  Esp.  s.  , 

124.  Lathyrus  odoratus,  L.,  is  visited  by  Anthidium  mani- 
catum,  L.  ?,  s. 

125.  Lathyrus  vernus,  Bernh.  (Orobus  vermes,  L ).— I  have 
repeatedly  found  Bombus  hortorum,  L.<  9 ,  sucking  honey  on  this 
flower.  A  list  of  eleven  other  visitors,  exclusively  bees,  is  given  in 
No.  590, 11.,  p.  257.  S 

Lathyrus  granclijiorus  is  very  rarely  visited  by  bees  in  England. 
it  the  flowers  are  shaken  they  prove  more  fertile  (152) 

Delpino  mentions  the  genera^,  Bombus,  Eucera,  Anthoplwra 

La%™s^8)  ^        Chi6f  fertiHSerS  °f         Vai'i0US  SpedeS  °' 

126.  Pisum_  sativum,  L.  (the  Pea).-The  mechanism  of  this 
flower  agrees  in  most  essential  points  with  that  of  Lathyrus 
prates,  but  it  has  so  many  peculiarities  that  we  must  discufs  It 
m  almost  complete  detail. 

ovar?^  rendS  alm°St  PerPendiculari7  *°  the  horizontal 
ovary  but  its  tip  curves  inwards  so  far  that  the  stigma  points 
almost  horizontally  towards  the  base  of  the  flower  (st.  7)  The  s  1 
s  not  swollen  at  the  end,  but  is  covered  with  long  hair  on  the  sfde 
facing  the  base  of  the  flower  for  over  one  third  of  1a 
wards  from  the  stigma  (7  8  ffc  7lT  of  f  length  down- 

of  union  of  the  tw'o  d£j£'J£  to  i  f  ^ 

marked,  and  the  smce  in  Wl!n  +1  66  m^m  are  less 

the  whole  coZ^^J^f^  *>  *  *»  *ud  «  on 
opening  for  the  passage  of  "the  t  7(o  7?  ^  *  an 
shortly  before  the  burl  expands  thei  fill'  S'  *  deHsCe 
carina  with  pollen  and  S  '      ?  C°niCal  Point  of  ^ 

that  at  the  co^T^^  T^  ^  ^  °f  the  C™>  so 
the  style-brush  r  cre?ec  J?h  the  ^™  «** 

out  at  the  apical  orifice  Ti         P°i  ^  ^  °f  whicb  is  swePt 

The  edges  of  the  orS  vS< °  that  the  Carina  is  deP™«£ 
onfice  yield  to  a  pressure  from  within,  but  close 
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up   again,  so   that  while  the    stigma  and  style-brush  return 
within  the  carina,  great  part  of  the  pollen  is  swept  off  and  remains 
outside.    The  ends  of  the  filaments,  lying  in  the  base  of  the 
conical  point  of  the  carina,  are  slightly  swollen  even  in  the  bud 
(7,  fig.  71),  but  after  the  anthers  have  dehisced  they  enlarge  more 
(9),  and  so  press  the  pollen  forward  more  effectively  than  in  the 
case  of  Lathyrus  pratensis.    They  press  the  pollen  in  the  base  of 


Fig.  71. — Pisum  sativum,  L. 

I  —'Flower,  after  removal  of  left  ala. 

2.  Inner  view  of  left  ala. 

3* —Anterior  view  of  vexillmn. 
4  —Carina,  from  above,  enlarged, 
s'— Ditto,  inclosed  by  the  aire. 
6'.-Basal  half  of  left  ala  ;  outer  view 

7  -Essential  organs  from  a  bud  (X sp. 

8  -  Anterior  part  of  style,  from  within  (x  7). 

9  —One  stamen  of  the  flower. 
(For  letters,  see  the  text.) 


the  cone  forward  to  its  apex,  so  that  the  style-brush  on  returning 
the  carina  becomes  covered  again  with  pollen,  and  so  a 
w  Portion  of  pollen  is  forced  out  at  each  depression  of  the 
"  Thus  the  dower  of  the  Pea  combines  the  brush-mocha^ 

^fotl^etrX-  *•  carina  is  bor,  absolute Ir- 
relatively greater  than  in  Laihyrm  prated,  since  the  style-brush 
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is  curved  more  inwards,  and  the  swollen  ends  of  the  filaments  move 
with  friction  in  the  cone.    On  this  account  the  union  of  the 
two  carinal  petals  is  strengthened  by  a  still  more  marked  out- 
growth (b,  1,  4),  and  the  alae  and  carina  are  connected  with  each 
other  and  with  the  staminal  column  still  more  firmly.    Each  ala 
has  at  the  base  of  its  limb,  close  below  its  upper  margin  a 
depression   or   invagination  pointing   forwards   and  downwards 
(c\  2,  5,  6),  which  is  very  firmly  attached  to  a  corresponding 
depression  on  the  upper  surface  of  the  carinal  petal  (c,  1  4)  • 
not  only  are  the  two  pouches  closely  applied  to  one  another 
throughout  their  whole  extent,  but  over  a  great  part  of  the  surfaces 
m  contact  large  hexagonal  cells  of  the  one  petal  project  into  hollows 
m  corresponding  cells  on  the  other,  so  that  it  is  scarcely  possible 
to  separate  the  petals  from  one  another  without  tearing  More- 
over the  anterior  part  of  the  ala  is  kept  in  a  definite  position 
relatively  to  the  carina  by  a  fold  or  groove  (d>,  2,  5)  in  its  upper 
margin  which  fits  into  that  groove  (d)  upon  the  carina  which 
separates  the  pouch  (a)  from  the  edge.    This  second  union  of  ala, 
and  carina  is  strengthened  by  two  deep  and  narrow  depressions  of 
the  vexillum,  which  appear  on  its  under  side  as  hard,  sharp  ridges 

r^rly  (d"! " 3)' and  are  received  into 

The  position  of  the  ate  and  carina  relatively  to  the  staminal 
column  is  maintained  very  firmly  and  accurately.'    Each  carina 
petal  possesses  a  lobe  at  its  base  (e,  4,  5),  directed  upward  ^d 
™a   S'  ^  the  »PPer  surface  of  the  cdumn  and 

embrtethTc5  1     ^  ^  Y    TheM  ^  wh"h 

their  place  by 

+uQ    i  ^  '  °>  b)>  dllected  inwards  and  backwards  • 

the  alax  processes  are  themselves  made  secure  by  the  Sm/ 

wnhinh  Str0"g  ^  <™  ro'»M  sellings  „ecu     !  3)' 

which  rest  upon  two  narrow  surfaces  of  the  ate  (h  S  m  „    '■  ' 

honzontaUy  backwards  from  the  alar  processes    ').  R   '  6)  P— * 

Ihis  firm  union  of  the  Darts  nf  +h0  fl„       ■  - 
plant  in  three  ways    T  fZ  l  \    ?       ^  18  °f  SGrvice  to  the 
search  of  honey  when  stl  V  ?      '  '*  °U^S  ™  insect  * 

beneath  th ^  ^  and  tWi»g  **  head 

and  vexillum  £?£  Jh  ^st    "h"  *8  ^ 

Secondly,  it  ensures  the  1  !  P  .  mechanism  is  set  in  action, 
original  position  vLnthfrfeCt  ^  °f  a11  the  P^s  to  their 

flower  to'rcta    i     "  htrSSUre  "  S°  ™™  the 

visits  that  its  wirtl  ^ 

whole  construction  is  designed  for.      Thirdly,  it 
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excludes  all  insects  from  the  honey  which  are  not  strong  enough 
to  perform  the  actions  necessary  for  fertilisation. 

Along  with  these  ohvious  advantages,  the  firm  closure  of  the 
flowers  has  the  very  important  consequence  that  it  makes  the 
work  difficult  even  for.  such  bees  as  are  able  to  reach  the  honey  and 
to  effect  cross-fertilisation,  and  deters  them  from  the  plant  when 
other  more  convenient  flowers  are  at  hand.  In  its  original  home 
the  Pea  no  doubt  adapted  itself  to  some  strong  and  at  the  same 
time  diligent  and  skilful  species  of  bee,  which  could  easily  depress 
the  carina,  and  was  plentiful  enough  in  ordinary  weather  to  act  as 
the  regular  fertilising-agent.  Under  such  conditions  the  advan- 
tages of  firm  closure  would  outweigh  the  disadvantages.  In  our 
climate,  the  Pea  fails  to  find  bees  adapted  for  its  flower,  and  it 
would  be  much  better  for  it  under  these  altered  conditions  to  have 
its  flowers  less  firmly  shut.  I  have  often  watched  beds  of  peas 
in  bloom  in  my  garden  in  sunny  weather  and  have  only  occasionally 
seen  a  visitor,  while  beans,  blooming  at  the  same  time  in  alternate 
beds,  were  abundantly  visited  by  humble-bees. 

The  only  insects  which  I  have  seen  on  the  flowers  in  the  course  of  four 
summers  are  :  (1)  Eucera  longicornis,  L.  ;  (2)  Megachile  pyrina,  Lep  ;— the  $ 
of  both  species,  s.  ;  the  ? ,  s.  and  c.p.;  both  freq.,  but  not  abundant ;  (3)  Two 
specimens  of  Halictus  sexnotatus,  K.  ?  ;— they  collected  pollen  with  difficulty, 
holding  the  edges  of  the  carina  apart  anteriorly  with  their  legs. 

Though  most  flowers  remain  unvisited  by  insects,  they  all  pro- 
duce good  fruit.  The  self-fertilisation  which  the  structure  of  the 
flower  necessitates  must  therefore  be  quite  efficient;  and  this 
indeed  has  been  shown  experimentally  by  Dr.  Ogle,  who  found  the 
Pea  as  productive  when  insects  were  excluded  as  when  left 
unprotected  (633). 

Tribe  Phaseolece. 

AmpKicarpm,  according  to  Torrey  and  Asa  Gray  {N.  Amcr. 
Flora  I  p  291),  has  fertile  cleistogamic  flowers,  and  also  flowers 
which  open,  but  are  for  the  most  barren.  Both  kiuds  of  flowers 
are  above  ground.  Darwin  found  that  subterranean  pods  of 
Amphicarpcea  monoica  which  he  received  from  Meehan  contained 
each  a  single  seed,  while  the  ordinary  aerial  pods,  which  he  culti- 
vated himself,  contained  from  one  to  three  small  seeds ;  these  latter 
averaged  only  A  of  the  weight  of  the  subterranean  seeds  (167, 

2ndThe"  genera  Ncurocarpum,  Desv.,  Martmsia,  Schult.,  Glycine,  L., 
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Galactia,  P.  Br,  and  Voandzeia,  Pet,  Th.,  are  stated  by  H.  v.  Mohl 
and  Kuhn  to  possess  cleistogamic  flowers. 

Glycine  chinensis,  Curt.,  is  visited  by  bees  only  (590  II.). 
Centrosema  virginiana  and  Clitoria  mariana  both  have  their 
flowers  inverted  (729). 

In  Erythrina  crista-galli,  according  to  Delpino,  the  flower  is 
inverted,  the  ate  are  almost  entirely  aborted,  and  the  carina  forms 
a  sheath  covering  the  column  and  expanded  below  into  a  large 
honey-receptacle.     Since    the   stigma   somewhat  overtops  the 
anthers,  the  visitors,  probably  humming-birds,  touch  first  the 
stigma  then  the  anthers,  and  so  effect  cross-fertilisation.  In 
E.  velutina  the  flower  is  not  inverted;  the  alas  and  carina  are 
reduced  to  minute  rudiments,  and  the  column  lies  fully  exposed 
beneath  the  vexillum.  The  visitors,  probably  bees,  must  make  their 
way  between  the  column  and  the  vexillum  to  reach  the  .honey 
which  is  secreted  as  in  other  Papilionaceae,  and  so  they  come  in 
contact  with  the  stigma  and  anthers  (178,  360).    Belt  (56)  saw  a 
species  of  Erythrina  fertilised  by  humming-birds,  which  came  in 
search  of  small  insects  that  sucked  honey  in  the  flowers.  Trelease 
saw   Erythrina   herlacea   visited   abundantly  by  ruby-throated 
hummmg-birds,  and  believes  that  the  flower  is  adapted  for  cross- 
iertihsation  by  their  agency  (731). 

Darwin  states  on  the  authority  of  MacAxthur's  observations 
that,  m  New  South  Wales,  Erythrina  does  not  produce  good  fruit 
unless  the  flowers  are  shaken  (152). 

Phaseoltjs  The  species  of  Phaseolus  are  distinguished  from 
the  other  Papihonaceaa  which  have  brush-hairs  on  the  style  by 
the  hehcoid  twisting  of  the  style  and  of  the  tip  of  the  carinl 
which  incloses  it;  but  here,  as  in  the  rest,  when  the  carina  is 
Ch  71the  %  °f  StylG  i8SUeS  ™tb  its  -%na  and  pollen 
moved'  T  T  rItUmWithin  ^  °™  When  P-ssure  is 
towards  the  left  m  others,  according  to  Delpino,  and  shows  all 

ei?xes0  f^toT  sic^Td  curvature  (A^rcTto 

nehx  of  four  to  five  coils  {P.  Caracalla),  (172,  178) 

Jrt  P  P  °f       fl°Wer  ^  the  m0de  of  f-tilisation  in  the 

^     7&         ^ave  been  thoroughly  described 

which  are  unab I  t        ^  I  ^  °ther  Sma11  bees 

takW  ZZu       *  Wu?        Cadna  d0Wn'  obtai»  the  honey  by 

^tD£  ti  rothestiwhic^ a  hrble-bee  (I  s^°se  * 

0  Dites  through  the  calyx.    More  powerful  bees,  with 
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sufficiently  long  proboscides,  alight  on  the  left  ala,  and  in  forcing 
the  proboscis  down  into  the  flower  bring  its  base  in  contact  with 
the  stigma. 

Now,  when  the  alse  and  the  carina  (which  is  united  to  them) 
are  further  depressed,  there  emerges  from  the  tubular  apex  of  the 
carina,  which  is  coiled  nearly  into  two  complete  whorls,  the 
similarly  coiled  style;  and  it  emerges  in  such  a  way  that  its 
stigma  points  downwards  and  towards  the  left,  and  its  pollen- 
covered  hairs  come  in  contact  with  the  base  of  the  insects 
proboscis,  dusting  it  with  fresh  pollen.  In  this  manner  is  cross- 
fertilisation  insured  and  self-fertilisation  prevented  in  case  of 


Fig.  72.—  Pkaieolut  vulgaris,  h. 
1  —Flower,  viewed  obliquely  from  above  and  in  front. 

ilgS'MSaStan  ;  c  c,  ala  ;  4,  apex  of  carina  ;     ovary  ;  /,  style ;  „,  its  brush  ;  k,  stigma. 

insect-visits;  in  absence  of  insects  self-fertilisation  cannot  occur, 
since  the  stigma  protrudes  from  the  carina  while  the  pollen  is 

inclosed  within  it. 

The  similar  mode  of  fertilisation  in  the  Kidney  Bean  (Fhaneohu 
vulgaris,  L.)  was  described  ten  years  earlier  by  Darwin  (5  l),  who 
showed  by  experiment  that  insect-visits  are  essential  for  the 
fertilisation  of  this  plant.  Plants  covered  with  a  fine  net  remained 
completely  barren,  unless  the  action  of  bees  was  artificially 
imitated.  When  Darwin  repeated  the  experiment  on  a  Larger 
scale  a  few  flowers  on  some  specimens  bore  fruit;  small  insects 
(Thrips)  had  presumably  gained  access  to  these. 
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Darwin  hud  also  shown  that  cross-fertilisation  by  insect-agency 
takes  place  to  a  large  extent  in  Phaseolus.  Mr.  Coe  planted  four 
rows  of  Negro  Dwarf  Kidney  Beans  between  some  rows  of  white 
and  brown  Kidney  Beans;  near  by  were  some  Scarlet  Runners. 
He  let  the  black  Kidney  Beans  run  to  seed,  and  over  -|  of  the 
beans  produced  showed  all  gradations  from  light  brown  to  black, 
and  some  were  mottled  with  white.  Of  the  plants  reared  from 
these  seeds  every  one  differed  from  the  rest  in  stature,  leaves, 
colour  and  size  of  flower,  time  of  flowering  and  of  ripening  fruit, 
size,  form  and  colour  of  the  pods  ;  and  the  beans  produced  by  them 
were  of  all  shades  between  black  and  light-brown,  some  dark- 
purple,  some  slightly  mottled,  and  of  various  shapes  and  sizes 
(I5i,  152). 

In  P.  multiflorus  the  carina,  with  the  inclosed  style,  are  so  bent 
that  when  the  carina  is  depressed  the  style  emerges  pointing 
downwards  and  towards  the  left,  so  that  a  bee  can  only  accomplish 
cross-fertilisation  if  it  enters  the  flower  to  the  left  of  the  coil. 
Francis  Darwin  has  pointed  out  that  the  tenth,  free,- stamen  bears 
an  appendage  which  prevents  the  bee  from  taking  any  other  way 
towards  the  honey  (169).  ' 

In  regard  to  Treviranus'  opinion  that  self-fertilisation  is  the  general  rule  in 
Papilionacese,  it  is  needless  to  discuss  his  arguments,  since  the  only  objection 
which  he  made  to  Darwin's  experiments,  viz.  that  the  nets  sheltered  the  plant 
from  movements  of  the  air  (742)  was  experimentally  refuted  by  Darwin.  For 
the  flowers  in  which  Darwin  imitated  the  action  of  the  bees,  though  they  grew 
beneath  the  net,  were  completely  fertile. 


RETROSPECT  OF  PAPILIONACESE. 

The  Papilionacese  which  we  have  studied  are  all  fertilised  by 
bees,  and  in  spite  of  their  manifold  peculiarities  of  detail  they  all 
agree  m  the  following  points  regarding  the  arrangement  and 
function  of  the  parts  of  the  flower  : 

The  flowers  stand  more  or  less  horizontal;  except  Sarothamnus 
they  expose  the  stigma  and  pollen  to  contact  only  with  the 
ventral  surface  of  the  bee,  since  the  reproductive  organs  occupy  the 
inferior -  side  of  the  flower  and  are  only  curved  upwards  at  the 
extremity.  In  the  bud  the  reproductive  organs  are  inclosed  by  the 
wo  inferior  petals,  these  by  the  two  lateral,  and -these  again  by  the 
superior  petal.  &  J 

The  two  inferior  petals  cohere  to  form   a  "carina,"  which 
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incloses  the  reproductive  organs  and  protects  them  from  rain  and 
from  pollen-feeding  insects.  The  two  lateral  petals  (alse)  have 
a  threefold  function,  serving  (1)  as  a  platform  for  bees  to  alight 
on  ;  (2)  as  a  lever  to  depress  the  carina ;  (3)  to  keep  the  carina  in 
its  place  as  regards  the  reproductive  organs,  and  to  bring  it  back  to 
its  place  after  depression  if  repeated  insect-visits  are  necessary  for 
fertilisation.  In  order  to  serve  as  levers  for  depressing  the  carina, 
the  alse  must  be  united  firmly  therewith.  This  is  either  accom- 
plished by  certain  areas  of  the  alar  laminae  bulging  out  and  being 
received  in  hollows  of  the  carina,  or  by  interdigitation  of  processes 
on  the  contiguous  surfaces  of  both ;  and  such  union  is  the  firmer 
the  more  frequently  the  carina  has  to  be  depressed  and  again 
brought  back  to  its  original  position  in  order  to  ensure  cross- 
fertilisation. 

The  carina  is  mainly  kept  in  its  proper  place  and  brought  back 
to  it  after  depression  by  basal  lobes  of  the  alas  which  embrace 
the  column;  sometimes  they  form  swollen  pouches  {Trifolium), 
sometimes  they  are  produced  into  long  processes  (Melilotus, 
Medicago,  etc.). 

The  vexillum,  with  its  large,  erect,  coloured  surface,  is  the 
chief  agent  in  rendering  the  flower  conspicuous;  it  also  serves 
as  a  fixed  point  or  fulcrum  against  which  a  bee  may  place  its  head 
while  it  pushes  the  carina  with  its  feet  resting  upon  the  alse. 

The  stigma  and  pollen  must  be  applied  to  the  ventral  surface 
of  the  bee  if  cross-fertilisation  is  to  result.  The  necessary 
arrangement  is  attained  by  the  filaments  cohering  to  form  a 
cylinder  round  the  pistil.  In  all  Papilionacese  which  contain 
honey,  the  honey  is  secreted  on  the  inner  sides  of  the  bases  of  the 
filaments,  and  it  accumulates  in  the  space  between  the  stamens 
and  pistil.  Since  the  reproductive  organs  have  to  come  in  contact 
with  the  under  side  of  the  bee,  it  is  clear  that  access  to  the  honey 
must  only  be  permitted  above  the  reproductive  organs.  We  find, 
accordingly,  that  in  all  Papilionacese  which  contain  honey  the 
coherent  filaments  leave  a  passage  superiorly.  One  stamen  here 
is  separate  from  the  rest  and  leaves  two  entrances  to  the  honey 
free  on  either  side  of  its  base,  either  by  curving  upwards  at  its 
base,  or  by  the  neighbouring  filaments  curving  outwards  there, 
or  in  both  modes  combined. 

The  arrangement  and  action  of  the  various  parts  of  the  flower 
in  which  all  the  Papilionacese  (except  Onobrychis)  agree,  cause  the 
bees  to  act  and  move  in  a  perfectly  definite  way,  such  as  to  ensure 
the  stigma  and  pollen  coming  in  contact  with  their  under  surfaces. 
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Four  different  types  of  structure  may  be  distinguished  in 
Papilionacese,  according  to  the  manner  in  which  the  pollen  is 
applied  to  the  bee.  These  distinctions  were  first  drawn  by 
Delpino  (172,  178,  360),  and  transitions  are  not  wanting  from  one 
to  another  : 

1.  PapilionacesB  in  which  the  stamens  and  stigma  emerge  from 
the  carina  and  again  return  within  it.  They  admit  repeated  visits. 
(Melilotus,  THfolivm,  Onohrychis,  Gytisus). 

2.  Papilionacese  whose  essential  organs  are  confined  under 
tension  and  explode  (Mealicayo,  Genista,  Sarothamnus).  In  these 
only  one  insect's  visit  is  effective,  sometimes  under  certain 
conditions  two  {Sarothamnus). 

3.  Papilionaceas  with  a  piston-mechanism,  which  squeezes  the 
pollen  in  small  quantities  out  of  the  apex  of  the  carina,  and  not 
only  permits  but  requires  numerous  insect-visits.  (Lotus,  Anthyllis 
Ononis,  Litpinus). 

.  4.  PapilionacesB  with  a  brush  of  hairs  upon  the  style  which 
sweeps  the  pollen  in  small  portions  out  of  the  apex  of  the  carina 
They  for  the  most  part  require  repeated  insect-visits.  (Lathyrus 
Pimm,  Vicia,  Phaseolus).  ' 

In  all  these  groups,  the  stigma  and  the  pollen  are  applied  to 
the  under  side  of  the  bee.  The  pollen  can  therefore  as  a  rule  be 
collected  quickest  and  most  conveniently  by  bees  with  abdominal 
brushes ;  and  so  we  find  Lotus,  Ononis,  and  Genista  tinctoria  visited 
especially  by  these  forms.  In  Sarothamnus  both  the  upper  and 
lower  surfaces  of  the  bee  are  dusted  with  pollen  and  come  i 
contact  with  the  stigma. 

In  those  Papilionacese  whose  reproductive  organs  either  simply 
emerge  or  spring  out  with  an  explosion,  cross-fertilisation  is  ensured 

ta'c  witifr  Tng+,bey°n/  ^  *  ^  C°miQg  ^  -  - 

tact  with  the  bee.    In  those  forms  in  which  the  polled  is  squeezed 

or  swept  out  bit  by  bit,  the  stigma  is  at  first  coated  wTthl  Town 

pollen    which  has  probably  no  action  upon  the  sti™  Z7 

rubbed  away  by  the  first  visitors;  and  thLtigl 

cAjjubeu  to  inction.    In  absence  of  inserts  spif  fov+1-i- 

to  tnL-o  r*i«„~         i  ,  iubects,  seii-iertilisation  seems 

A*0i  «d  in Z, i,  eXtei"  {THf0lium  «W  ViL 

aJLZC  lu  caL  whr  ZTJ^"1^  **** 

the  ordinary  a».-    r.  self-fertilisation  is  impossible  in 
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Though  almost  exclusively  adapted  for  fertilisation  by  bees, 
many  Papilionaceae  allow  their  honey  to  be  stolen  by  Lepidoptera 
and  long-tongued  flies  (e.g.  Onohrychis,  Lotus,  Medicago  falcata). 
In  others  (e.g.  Vicia  sepiurn)  the  petals  close  up  so  firmly  that  only 
those  bees  which  are  in  the  habit  of  burrowing  with  all  their 
strength,  can  force  an  entrance.  Such  forms  as  these  exclude  all 
visitors  which  would  rob  the  flower  of  its  honey  without  giving 
any  return  ;  but  this  advantage  is  more  or  less  cancelled  by  the 
great  diminution  in  the  number  of  serviceable  visitors. 

Trifolium  pratense  excludes  short-lipped  bees  from  its  honey 
by  adhesion  of  the  nine  coherent  filaments  with  the  claws  of  the 
petals  to  form  a  long  tube  ;  the  same  end  is  attained  in  Vicia  f aba 
by  the  length  of  the  claws  of  the  petals  and  of  the  calyx-tube. 
Both  plants  are  the  more  visited  on  this  account  by  the  hard- 
working humble-bees  ;  but  on  the  other  hand  they  are  liable  to  be 
often  plundered  by  robber-bees  which  bite  through  the  tube. 

The  great  variety  of  arrangements  in  the  various  Papilionaceaa 
seems  to  be  partly  due  to  the  manner  in  which  every  advantageous 
modification  brings  some  disadvantage  in  its  train ;  for  in  this  way 
it  is  possible  to  have  various  combinations  existing  together,  all 
perfectly  adapted  to  the  given  conditions  of  life 


(  '.ESALPINIACEjE  AND  MIMOSACEjE. 


In  these  two  families  the  essential  organs  are  freely  exposed. 
The  petals  or  the  stamens,  or  both  together,  attract  insects.  In 
Mimosacece  the  flowers  are  regular  and  united  in  capitula.  In 
Acacia  Julibrizzin  the  central  flower  of  the  capitulum  is  trans- 
formed into  a  great  nectary.  In  Amhcrstia  nobihs  the  carina  is 
abortive  and  the  ate  assume  the  function  of  rendering  the  flower 
conspicuous ;  the  honey-receptacle  is  hollowed  out  into  a  long  tube, 
which,  together  with  the  brilliant  colour  of  the  flowers,  suggests 
humming-birds  as  the  fertilisers  (178,  360). 

Fritz  Miiller  found  Cassia  muliijuga  (Ccesalpiniacem)  abundantly 
visited  by  bees  (Xylocopa,  Gentris)  in  South  Brazil.  The  pedicles 
were  covered  with  larvae  of  Membracidce,  which  secreted  drops  ol 
honey  at  the  posterior  end  of  the  abdomen,  and  this  honey  was 
sought  by  Trigonia  cacafogo  (590,  ill.).  . 
Cassia  (?)  is  visited  by  humming-birds  (Mimics)  in  Chili  (Darwin, 

No.  T64). 
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Ord.  ROSACEJS. 
Tribe  Prunece. 

127.  Pbunus  communis,  Huds.,  a,  {P.  spinosa,  L.),  Blackthorn, 
Sloe. — When  the  flower  opens  the  style  stands  some  millimetres 
above  the  stamens,  whose  anthers  are  still  closed,  and  which  are 
bent  down  towards  the  centre  of  the  flower.'  The  stigma  is  already 
mature,  and  projects  even  from  the  half-open  flower;  insects,  in 
alighting,  come  first  in  contact  with  it.  In  due  course  the  petals 
spread  out  iuto  a  plane,  and  even  further;  the  stamens  become 
erect  and  incline  outwards ;  the  anthers  dehisce,  beginning  with  the 
outermost;  the  style  also  elongates,  and  overtops  the  shorter 
stamens  immediately  around  it :  its  stigma  is  still  fresh,  and  insect- 
visitors  may  therefore  now  lead  to  self-fertilisation.  The  flowers 
turn  towards  the  sun,  and  in  default  of  insect- visits  self-fertilisation 
may  take  place  by  pollen  falling  on  the  stigma.  ■ 

The  numerous  white  flowers  are  very  conspicuous  on  the  black, 
still  leafless  twigs ;  their  abundant  honey  attracts  numerous  insects^ 
particularly  flies  and  Andrence,  all  the  more  that  the  plant  flowers 
early  (April  and  beginning  of  May)  in  advance  of  most  competitors. 

Visitors  :  A.  Hymenoptera~(a)  Apiclce  :  (1)  Halictus  cylindricus,  F  9  s 
and  c.p,  ab.  ;  (2)  H.  albipes,  F.  9,  ditto  j  (3)  Andrena  dorsata,  K.  9,  c  p.  \ 
4)  A.  parvula,  K.  9 ,  s  and  c.p.  ■  (5)  A.  fasciata,  Wesm.  *  ,  s.  .  (6)  A.  albicans 

*p.  ,  (11)  A  Schrankella,  Nyl.  9,  c.p.  ■  (12)'  A.  atriceps,  K.  ?  B  ;  (13) 
Nomada  succmcta,  Pz.  (J,  s.  ;  (14)  Osmia  rufa,  L.  * ,  ,  ;P(15)  Ap£'mellinca 
U  ?,  s.  and  c.p.;  (b)  Tenihredmidce:  (16)  Dolerus  gonager,  Kl  s  B 
Dip  era-(a)  Empidc:  (17)  Empis  rustica,  Fall.,  s.f  (b^rpMdc*  (ll 
Eris  al13  artmstoruni,  L.  •  (19)  E.  neniorum,  L.  ;  (20)  KhSusL  al 

merdaria   F,  both  sucking;    23    Chlorops,  s.  ;  (24)  Sepsis   B   kh  . 
Species  of  Anthoniyia,  s.  ;  {d)  Bibionidce  f  '(26)  Bib  o  Marei   L  lb 
Coleoptera— Nitidulidcc :  (27)  Meli^etbeq  1  h     n  t     -a    /       „ ' 
(28)  Vanessa  Io,  L,  s.  iVielloethes,  Lb.    D.  Lepidoptera-^,^^  , 

128.  Prunus  Padus  L  Bird  nUvvv  tu- 
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dehisce  while  still  bent  down  below  the  stigma,  whose  edge  they 
come  in  contact  with  when  they  afterwards  rise  up. 

Visitors  :  A.  Diptera — Envpidm  :  (1)  Empis  livida,  L.  s.  ;  (2)  E.  mstica, 
Fallen,  s.  Also  numerous  small  gnats,  licking  honey.  B.  Hymenoptera — 
Apidw  :  (3)  Andrena  parvula,  K.  $ ,  s.  C.  Coleoptera — NitiduHdce. :  (4) 
Meligethes,  l.h.    See  also  No.  590,  11. 


129.  Prunus  domestica,  L.,  P.  avium,  L.,  and  P.  Cerasus,  L. 
— Anthers  and  stigmas  ripen  simultaneously,  and  spread  apart  out 
of  the  flower;  the  stigmas  overtop  the  inner  stamens  but  stand 
on  a  level  with  the  outer  ones.  Cross-fertilisation  is  favoured  by 
the  likelihood  of  insects  touching  the  'stigma  and  anthers  with 
different  parts  of  their  bodies  while  sucking  the  honey  secreted  by 
the  receptacular  tube.  Insects  collecting  or  feeding  on  pollen  must 
lead  to  self-fertilisation  and  cross-fertilisation  indiscriminately.  In 
flowers  obliquely  placed,  pollen  may  readily  fall  from  the  taller 
anthers  upon  the  stigma. 

Visitors:  A.  Hymenoptera— Apidce :  (1)  Apis  mellifica,  L.  ?,  s.,  very 
ab.  ;  (2)  Bombus  lapidarius,  L.  ?  ;  (3)  B.  terrestris,  L.  $  ;  (4)  B.  hortorum, 
L.  ? ,  all  three  sucking  ;  (5)  Osmia  rufa,  L.  ?  $ ,  8.,  ab.  ;  (6)  0.  cornnta, 
Latr.  ?  $,  s.  ;  (7)  Andrena  fulva,  Scbr.  ?,  s.  and  c.p.  ;  (8)  A.  albicans, 
K.  ?  $,  c.p  and  s.  ;  very  ab.  B.  Diptera— Syrphidm :  (9)  Rhingia  rostrata, 
L.,  s.,  ab.  ;  (10)  Eristalis  tenax,  L.  ;  (11)  E.  arbustorum,  L.,  s.  C.  Lepi- 
cXo^tera—Bhopalocera :  (12)  Pieris  brassier,  L.  ;  (13)  P.  rapaj,  L.  ;  (14)  P. 
napi,  L.,  all  three  sucking.    See  also  No.  590,  11. 


Tribe  SpircecB. 

130.  SPlRiEA  ulmaria,  L.— The  flowers  contain  no  honey  but 
a  great  quantity  of  pollen.  The  stamens  at  first  arch  over  towards 
the  middle  of  the  flower,  so  as  to  cover  the  stigmas  completely; 
they  gradually  become  erect  and  incline  outwards  in  centripetal 
succession,  and  the  anthers  then  dehisce,  covering  themselves  all 
round  with  pollen.  When  the  stamens  have  risen  up,  the  centre 
of  the  flower  becomes  the  most  convenient  place  both  for  small 
insects  to  settle  on,  and  for  larger  insects  traversing  the  inflorescence 
to  step  upon.  Cross-fertilisation  is  thus  readily  performed,  but 
self-fertilisation  is  also  very  liable  to  occur. 

The  crowded  inflorescences .  not  only  attract  numerous  insects 
but  also  lead  to  great  economy  of  time  in  the  process  of  fertilisation 
In  the  absence  of  insects,  self-fertilisation  almost  always  takes 
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place,  and  cross-fertilisation  may  also  occur  by  the  outer  stameus 
of  one  flower  coining  to  stand  over  the  stigmas  of  the  next. 


V  sitors:  A.  Hymenoptera-(a)  Apidce:  (1)  Apis  raellifica,  L.   ? ,  ab  , 
cp. ;  (2)  Andrena  Coitana,  K.  ? ,  c.p.  ;  (3)  Prosopis  communis,  Nyl    ?  f  p 

Hedychrum  lucrum,  F.  (I  have  never  seen  Chrysid*  eating  pollen  and  so 
I  uppose  that  these  species  were  attracted  by  the  flowers  withont  finding  an" 

^  ;  (e)  Cerambyddm  :  (21)  Pachvtn  S  m„„,nt  -p  Li  i  -LV'LU;ULIla  aciUeata, 
«em,ata,  L.,-both  feeding  'J "ItT     *    '  (S'''0  !  W  SlrlmSalk 

an/^'  FlLIPENDU".  L-Tie  flowers  secrete  no  honey 

^to££££5£  °^  *  P*—Mng  insects,  wM  £ 

downwards  when  thPflnw^-  \  ii  P  f  bent  backwards  and 
by  such  na^t  clawfti: SJf^^ded,  and  they  are  attached 
small  bee  or  fly  iTJtl/  P  d°Wn  ™der  *e  weight  of  a 
The  stamen, W     a  VW°re'  ^suitable  for  a  standing-place. 

of  the  flower  nine  to  twelve  broad  bifid  styles  spread  out  into 
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a  horizontal  plane,  forming  a  disc  round  whose  edge  the  stigmas, 
directed  outwards  and  upwards,  stand.  In  absence  of  insects,  self- 
fertilisation  may  readily  take  place,  since  the  innermost  stamens 
often  remain  directed  inwards  until  dehiscence  has  taken  place. 

Visitors  :  A.  Hymenoptera— Apidm  :  (1)  Halictus  zonulus,  Sm.,  ? ,  c.p.  ; 
(2)  H.  sexnotatus,  K.,  ? ,  c.p.  B.  Diptera— Syrphidm  :  (3)  Eristalis  arbus- 
torum,  L.  ;  (4)  E.  nemorum,  L.  ;  (5)  Helophilus  floreus,  L.  ;  (6)  Syritta 
pipiens,  L.— all  eating  pollen.  C.  Coleoptera— Lamellicornia  :  (7)  Tricbiu^ 
fasciatus,  L.,  rapidly  devouring  the  anthers. 

132.  Spiraea  Aruncus,  L.— The  flowers  of  this  species  also  are 
devoid  of  honey. 

Visitors  (in  my  garden  at  Lippstadt)  :  A.  Hyinenoptera-(a)  Apidce  : 
(1)  Prosopis  signata,  Pz.  ?<J,f.p.  5  (&)  Sphegidce :  (2)  Oxybelus  bellus,  Dlh, 
f  p  •  (c)  Vespidce  :  (3)  Odynerus  sinuatus,  F.,  seeking  vainly  for  honey.  B. 
Diptera-(a)  Syrphidm  :  (4)  Syritta  pipiens,  L.,  f.p  very  ab.  ;  (6)  Muscidm  : 
(5)  Species  of  Anthomyia,  f.p.  C.  Coleoptera-(a)  NitiduhdcB  :  (6)  Meligethes, 
ab  ;  (6)  Dermestidce  :  (7)  Anthrenus  SerophulariEe,  L.,  not  rare  ;  (8)  A. 
pini'pinellEe,  F.,  very  ab.  ;  (9)  A.  claviger,  L.,  scarce. 

133  Spiraea  salicifolia,  L.,  S.  ulmifolia,  L.,  S.  sorbifolia, 
L— These  commonly  cultivated  species  secure  very  numerous 
insect-visits  by  their  densely  crowded  inflorescences  and  then- 
abundant  pollen  and  honey.  The  distinctly  proterogynous  condi- 
tion of  the  flowers  favours  cross-fertilisation  to  a  great  extent,  but 
self-fertilisation  is  also  provided  for  in  case  of  continuous  wet 
weather.  An  annular,  orange-coloured  disk  m  the  base  of  the 
receptacular  tube,  internal  to  the  insertion  of  the  stamens  secretes 
abundant  honey  in  the  form  of  small  drops.  In  S.  sahafoha,  this 
disk  has  ten  notches.  .,  , 

Already  before  the  flower  opens,  the  broad  stigmas  are  provided 
with  papilL  and  overtop  the  incurved  stamens.  When  he  flower 
expands,  the  stamens  gradually  rise  up,  and,  one  by  one,  beginning 

vhh  the  outermost,  their  anthers  dehisce,  coating  themselves  all 
round  with  pollen.  The  stigmas  still  remain  fresh,  and thu s  though 

at  first  only  cross-fertilisation  is  possible,  later  on  self-fertilisation 

also  may  take  place.  ,  . 

The  three  species  grow  with  us  in  the  same  localities  and  m 
nearly  equal  abundance.  They  are  visited  by  the  same  insects,  and 
I  have  grouped  the  visitors  in  a  single  list. 

A.  Diptea-(»>  Wt&^t^ 
Empidm:  (2)  Empis  opaca,  F.,  ab.  ,  {6) 
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punctata,  F.,  all  three  sucking  ;  (c)  Sijrphidai :  (5)  Chrysotoxum  festivum,  L.  ; 
(t>)  Pipiza  funebris,  Mgn.  ;  (7)  Chrysogaster  viduata,  L.  ;  (8)  Syrphus  ribesii, 
L.,f.p.  ;  (9)  S.  excisus,  Zett.  ;  (10)  Melithreptus  strigatus,  Stceg.  ;  (11)  Ascia 
podagrica,  F.,  s.  ;  (12)  A.  lanceolata,  Mgn.,  do.  ;  (13)  RMngia  rostrata,  L.,  s., 


Fig.  74.— Spircca  sorbifolia,  L. 
1.— Young  flower. 

S»P-  ;  (20)  E.  intric.r™  h   IThlt.'  (  ?,        **'  L  !  (1S>>  E' 

«™»,  L.,  ,,  fa,. ,  (22  XyS.l^.m"P^ab'  ■  <21>  M<*M«° 

JfcUdva>  rz. ,  (23)  X.  segnis,  Pz.  ;  (24)  X. 
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lenta,  Pz.  ;  (25)  Syritta  pipiens,  L.,  s.  and  f.p.,  very  ab.  ;  (d)  Conopida :  (26) 
Physocephala  rufipes,  F.,  s.  ;  (27)  Myopa  polystigma,  Rondani,  s.  ;  (e)  Mua- 
cidce  :  (28)  Gymnosoma  rotundata,  L.  ;  (29)  Echinomyia  fera,  L.  ;  (30)  E. 
magnicornis,  Zett.  (Tekl.  B.)  ;  (31)  Sarcophaga  carnaria,  L.,  s.  ;   (32)  S. 
albiceps,  Mgn.,  do.  ;  (33)  Onesia  cognata,  Mgn.  ;  (34)  0.  floralifi,  R.  D.  (both 
identified  by  Herr  Winnertz)  ;  (35)  Mesembrina  meridiana,  L.  ;  (36)  Lucilni 
cornicina,  F.,  s.  ;  (37)  L.  silvarum,  Mgn.,  s.  ;  (38)  Musca  corvina,  F.  ;  (39) 
Cytoneura  simplex,  Lcew.  (identified  by  Herr  Winnertz)  ;  (40)  species  of 
Anthomyia ;  (/)  Bibionidce :  (41)  Bibio  hortulanus,  L.,  l.h.  ;  (g)  Tipulidm  : 
(42)  Pachyrrhina  pratensis,  L.,  do.  ;   (h)  Chironomidcc :    (43)  Ceratopogon, 
very  ab.,  s.     B.  Hymenoptera— (a)  Tenthredmidm  :  (44)  Tenthredo  bicincta, 
L.,  Lb.  ;  (b)  Ichneumonidce :  (45)  Various  ;  (c)  Formicidw  :  (46)  Many  small 
ants  lick  the  honey,  and  also  capture  the  numerous  small  midges  which  are 
attracted  by  it ;    (d)   Chry aides :   (47)  Hedychrum  lucidulum,  F    <J ;  (e) 
SvhegidcB:  (48)  Oxybelus  uniglumis,  L.,  very  ab.,  s.  ;  (49)  0.  bellus,  Dlb., 
do  •  (50)  Crabro  lapidarius,  Pz.        s.  ;    (51)  Psen  atratus,  Pz.,  s.  ;  (52) 
Passalcecus  monili  cor  iris,  Dlb.  2 ,  s.  ;  (53)  Gerceris  arenaria,  L.,  not  rare  ;  (54) 
Ammophila  sabulosa,  L.  ;  (55)  Pompilus  neglectus,  Wesm.,  s.  ;  (/)  Vespidce : 
(56)  Odynerus  quinquefasciatus,  F.  ;  (g)  Apidce :  (57)  Hahctus  sexstrigatus, 
Schenck,       s.  ;  (58)  H.  sexnotatus,  K.  ?,c.p.  ;  (59)  H.  flavipes,  K.  ?  ;  (60) 
Andrena  albicrus,  K.   9  6,  cp.  and  s.,  ab.  ;  (61)  A.  fucata,  Sm.  ?  s. and 
cp  •  (62)  A.  SchrankeUa,  Nyl.  <J,  s.  ;  (63)  A.  fulvicrus,  K.  $,  b.  ;  (64)  A. 
parvula,  K.  ?  ,  s.  and  cp.,  ab.  ;  (65)  A.  dorsata,  K.  ?  ,  s.  and  c  p.,  very  ah; 
(66)  A.  albicans,  K.  $ ,  s.  and  cp.,  ab.  ;  (67)  A.  mgroamea,  K.  $,  s  ;  (68)  A. 
Trimmerana,  K.  2 ,  s.  ;  (69)  Osmia  rufa,  L.  ? ,  cp.  ;  (70)  Bombus  terrestris, 
L  2   cp  and  b.;  (71)  B.  senilis,  Sm.  2 ,  cp.  ;  (72)  B.  Scrimskiranus,  K.  ? , 
cp     (73)  ApismeUifica,L.  $,  cp.  and  s.    C.  Coleoptera-(a)  Dermestidw  : 
(74)' Anthrenus  scrophulari*,  L.  ;  (75)  A.  pimpinell*,  F  ;  (76  A.  muse- 
orum,  L.  ;  (77)  Attagenus  pellio,  L.  ;  (78)  Byturus  fumatus,  L.,  aU  five  very 
ao    l  h  j  lb)  mtZlidm:  (79)  Meligethes,  ab.  ;  (c)  Elatendv  :  (80)  Lacon 
murinus  L  ;  (81)  Caxdiophorus  cinerens,  Hbst.,  Lh. ;  (d)  Lamelhcorma :  (82) 
^richius'faskatusU.  !  (83)  Phyllopertha  horticol^  L,: °^ee^  ™  f 
tissues  of  the  flower;  («)  Malacoderrnata  :  (84)  ^^U^^- 
devouringthe  anthers;  (85)  Dasytes  flavipes,  L. ;  (/)  Morddlidm .  (86)  An 
aspTfrontalis,  L.,  ab.  ;  (87)  A.  maculata,  Fourc,  both  Lh.  ;  (g)  Ceramby^  : 
S^QytuB  arietis,  L.,  Lh.  ;  (89)  Strangalia  nigra,  K  ;  (90)  Str.  attenuate 
frea  ■  (91)  S.  armata,  Hbst.  ;  (92)  Leptura  kvida,  F.,  very  ab.  ;  (93)  Gram- 
^tl  ruficornis,  F.,  all  Lh.  ;  (*)  Cistelid. 

feeding  on  the  anthers  and  other  tissues.    D.  Neuroptera-(95)  Panorpa 
nm munis  L   lh  •  (96)  Agrion,  flew  not  infrequently  on  to  flowers  of  Spmea 
Z^p^y^tolSBdfV-e  4,1870).    E.  Lepidoptera-^T)  Tor 
tix  plumbagana,  Tr.  ;  (98)  Adela  sulzella,  W.  V.,  ab.,  s.  (both  identified  by 
Dr.  Speyer).    See  also  No.  590,  11. 

Tribe  Eubece. 

134  Kubus  iDiEUS.L.CRaspberry).-!!!  the  Raspberry  and  Black- 
berry honey  is  abundantly  secreted  by  a  fleshy  ring  or  disk  upon 
the  border  of  the  receptacular  tube,  internal  to  the  attachment  of 
the  stamens.    In  the  Raspberry  the  small  narrow  petals  remain 
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erect,  and  even  inclined  towards  one  another  above,  and  the 
stamens,  which  dehisce  either  on  the  side  towards,  or  on  that  away 
from,  the  centre,  have  no  room  to  spread  out,  but  remain  closely 
packed  between  the  styles  and  petals ;  so  that  an  insect  may  easily 
insert  its  proboscis,  but  scarcely  its  whole  head,  between  the  styles 
and  stamens  to  reach  the  honey-secreting  ring.    The  accessibility  of 
the  honey  is  thus  greatly  reduced,  but  at  the  same  time,  since 
part  of  the  stigmas  come  in  contact  with  the  anthers,  self-fertilisation 
is  insured.    In  the  event  of  insect-visits  cross-fertilisation  is  easily 
accomplished;  for  the  insect  often  alights  in  the  centre  of  the 
flower,  touching  the  stigmas  first,  and  in  bending  the  head  down 
between  stigmas  and  stamens  the  former  may  easily  be  dusted  with 
pollen  from  another  flower.  The  much  less  conspicuous  flowers  and 
less  accessible  honey  cause  insect-visits  to  be  fewer  and  less  varied 
than  m  the  case  of  the  bramble;  and  self-fertilisation  is  very 
frequently  made  use  of. 

Visitors:  A  Hyruenoptera-^)  Apidm:  (1)  Apis  mellifica,  L.  0,  very 
ab.  both  s.  and  cp.  ■  (2)  Bombus  agrorum,  F.  ?,  s„  ab.  ;  (3)  B.  praloruin,  L. 
S  <? ,  s.  and  cp.,  freq  .  (4)  B.  hortorum,  L.  ? ,  c.p.  ;  (5)  B.  senilis,  Sin.  ?  s.  ; 

K  f  s  r  ,?'  ^  5  (7)  Andfna  K  *•  8-  >  W  A.  alblcrus 

u  °L*'  ,  ^us  sexnotatus,  K.  ?;  (10)  H.  lucidus,  Schenck,  «;  (11 
H.  nitidiuscuhis,  K  ?,  all  three  sucking;  (5)  Sphegidce :  (12)  Goryte 
mystaceus,  L.  •  (c)  Tentkredinidce :  (13)  Tenthredo  rustica,  L.    B.  Diptoa- 

cfrT'  ^dl*-->{15)  ^-eUapelluCL. 
bid.),  s.  and  f.p.    C.  Coleoptera- n)  Dermestidce :  (16)  Byturus  fumatus  L 

sTT?    v  Ti™        licMng  W^  <6>  CeLLjcL:  (17)  Pachyta 
til      '  F"  hCklDg  h°ney  md  f6edinS  on  the  *™  °f  the  flowefab 

f  I35;EUBJS  f UTIC0SUS> L-  (blackberry,  Bramble).-The  flowers 
of  the  bramble  have  advantages  in  several  respects  over  thoTo 
he  Raspberry ;  the  large  petals,  spreading  out  flat,  are  very  con- 
picuous;  and  the  stamens  also  spreading  outwards  leave  the  honey- 
secretmg  rmg  easily  accessible.   These  two  characters  induce  mul 
more  numerous  and  varied  insect-visits  than  the  Raspbeny  obtos 

W*r      w     T6  tlme  5  and  most  flowers  have  been  cross 
fertflzsed  before  the  inner  anthers  are  mature.    Insects  may  ZZ 

or  with  the  ^  ^  XlT^  ^ 
after  they  have  dehisced  to  o  *  1Mermost  ^niena  rise  up 
stigmas.  '  °  C°me  m  contact  with  outermost 

Q  2 
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Visitors  :  A.  Hymenoptera — (a)  Apidm  :  (1)  Apis  mellifica,  L.  $  ,  c.p.  and 
s,  very  ab.  ;  (2)  Bombus  agrorum,  F.  $  ;  (3)  B.  terrestris,  L.  ?  ;  (4)  B. 
hortorum,  L.  $  ;  (5)  B.  pratorum,  L.  $  £  ;  (6)  B.  Scrinisliiranus,  K.  $  ;  (7) 
B.  silvarum,  L.  ? ,  all  these  humble-bees  sometimes  suck,  sometimes  collect 
pollen,  while  the  following  parasitic  humble-bees  of  course  only  suck  ;  (8)  B. 
(Apathus)  vestalis,  Fourc.  ?  ;  (9)  B.  campestris,  Pz.  ?  ;  (10)  Macropis  labiata, 
Pz.  $  ;  (11)  Andrena  Gwynana,  K.  ?  ;  (12)  A.  albicrus,  K.  $  ;  (13)  A.  thoracica, 
K.  $  ;  (14)  Halictus  zonulus,  Sm.  ?  ;  (15)  H.  lucidulus,  Schenck,  ?  ;  (16)  H. 
villosulus,  K.   $  ;  (17)  H.  sexnotatus,  K.  ?  ;  (18)  H.  cylindricus,  F.  ?  $ , 
(10)— (18)  all  sucking  ;  (19)  H.  leucozonius,  K.  ?  ,  c.p.  ;  (20)  H.  albipes,  F.  ? , 
c.p.  ;  (21)  Ccelioxys  umbrina,  Sm.  ?  $  ;  (22)  Nomada  ruficornis,  L.  $ ;  (23) 
N.  lineola,  Pz.  $  ;  (24)  N.  lateralis,  Pz.  ? ;  (25)  N.  Fabriciana,  L.  ?  ;  (26) 
Diphysis  serratulee,  Pz.  ?  ;  (27)  Osmia  fusca,  Christ.  ?  ;  (28)  Stelis  breviuscula, 
Nyl.  £  ;  (29)  Prosopis  excisa,  Schenck,  $  ;  (30)  P.  variegata,  F.  $  ;  (31)  P. 
communis,  Nyl.  $ ,  all  sucking  ;  (6)  Sphegidcc :  (32)  Crabro  patellatus,  v.  d. 
L.  ?  S  ;  (33)  Oxybelus  uniglumis,  L.  $  ^  ;  (34)  Ammophila  sabulosa,  L.  ?  ; 
(35)  A.  (Miscus)  campestris,  Jur.  $  ;  (36)  Cerceris  nasuta,  Dlb.  $ ,  all  sucking. 
B.  Diptera—  (a)  Stratiomyidce  :  (37)  Sargus  cuprarius,  L,  s.  ;  (38)  Chrysomyia 
formosa,  Scop.  s.;(b)  Empidce  :  (39)  Empis  livida,  L,  ab.  ;  (40)  E.  tesselata, 
F,  both  sucking ;   (c)  Syrphidce :  (41)  Ascia  podagrica,  F.  ;  (42)  Syritta 
pipiens,  L,  ab.  ;  (43)  Eristalis  tenax,  L,  ab.;  (436)  Helophilus  pendulus, 
L,  ab.;  (44)  Chrysotoxum  arcuatum,  L.  (Sid.)  ;  (45)  Volucella  pellucens,^ L. 
(Sid.)  ;  (46)  Khingia  rostrata,  L,  all  sometimes  sucking,  somtimes  collecting 
pollen  ;  (d)  Conopidw :  (47)  Physocephala  rufipes,  F..  s.  ;  (e)  Tipulidm :  (48) 
Tipula  oleracea,  L,  s.   C.  Coleoptera-(a)  Dermestidm  :  (49)  Byturus  fumatus, 
L   s  and  feeding  on  the  tissues  of  the  flower  ;  (6)  Elateridm  :  (50)  Diacanthus 
Eeneus,  L  ;  (51)  Limonius  cylindricus,  Payk.,  both  feeding  on  the  softer 
tissues ;   (c)  Lamellicornia :  (52)  Trichius  fasciatus,  L.,  do.  ;  (d)  Malaco- 
dermaia :  (53)  Telephorus  rusticus,  L.,  (54)  Malachius  bipustulatus,  F.,  do.  ; 
(e)   CEdemeridce :  (55)  (Edemera  virescens,  L.,  do,  and  hckmg  honey  ;  (/) 
Cerambycidce:  (56)  Clytus  arietis,  L.  ;  (57)  Leptura  livida,  F.  ;  (08)  Pachyta 
8-maculata,  F.  (Sid.,  ab.)  ;  (59)  Strangalia  armata,  Hbst.  ;  (60)  S.  atra  h.  , 
(61)  S  nigra,  L.  ;  (62)  S.  melanura,  L,  aU  sometimes  licking  honey,  sometimes 
feeding  on  pollen,  anthers,  and  other  parts  of  the  flower ;  (g)  Nitiduhdm  :  (63) 
Meligethes,  ab.    D.  Lepidoptera-iJA^aZocem :  (64)  Argynnis  Paphm,  L  ; 
(65)  Pieris  crateegi,  L.  ;  (66)  P.  napi,  L.  ;  (67)  Hesperia  paniscus,  F.,  all 
sucking.    Twenty-six  additional  visitors  are  enumerated  m  No.  590.  11. 

Eubus  saxatilis,  L.,  is  proterogynous,  with  long-lived  stigmas. 
Its  arrangements  for  cross-fertilisation  resemble  those  of  Cotoneaster. 
The  fertilising  agents  are  chiefly  bees  (609,  fig.  80). 


Tribe  Potentillece. 


Dryas  odopetala,  L.,  is  androdioecious.  Its  hermaphrodite 
flowers  are  usually  feebly  proterogynous,  after  the  manner  of  Gmm 
urbanum  L. ;  but  sometimes  the  stigmas  are  covered  over  by  the 


PART  III.] 


THE  MECHANISMS  OF  FLOWEKS. 


229 


inner  stamens  even  for  some  time  after  the  outer  anthers  have 
dehisced,  and  such  flowers  therefore  are  essentially  proterandrous 
(609). 

136.  Geum  rivale,  L. — The  honey  exudes  in  numerous  minute 
drops  from  the  base  of  the  receptacular  tube,  and  is  diligently 
sought  by  humble-bees  while  most  of  the  flowers  are  still  in  the 
bud.  Bombus  terrestris,  L.  ?,  which  steals  honey  from  many 
different  flowers,  sucks  honey  in  Geum  rivale  also  from  the  -outside 
in  yet  unopened  flowers,  thrusting  in  its  proboscis  between  the 
sepals  and  petals.  Even  after  the  flower  is  expanded,  B.  terrestris 
often,  and  other  species  of  Bombus  occasionally,  obtain  the  honey 
in  this  way ;  but  for  the  most  part  humble-bees  hang  suspended 
to  the  flower,  which  they  grasp  with  their  mid  and  hindlegs, 
putting  their  forelegs  and  head  inside  the  flower.  The  outer 
portion  of  the  honey  they  seem  to  reach  more  easily  from  the 
outside.  This  liability  of  the  honey  to  be  reached  from  the  out- 
side is  a  serious  imperfection  in  the  flower,  which  thus  gets  deprived 
of  its  honey  without  receiving  cross-fertilisation  in  return. 

The  flowers  are  proterogynous,  and  in  young  flowers  the  ripe 
stigmas  project  far  beyond  the  still  closed  anthers.  Cross- 
fertilisation  is  thus  insured  if  at  this  time  a  bee  inserts  its  head 
in  the  legitimate  manner.  Later,  the  stamens  elongate  till  their 
anthers  stand  on  a  level  with  the  outermost  stigmas ;  in  dehiscence, 
the  anthers  cover  themselves  all  round  with  pollen.  When  the 
flower  closes,  the  anthers  are  brought  in  contact  with  the  outer- 
most stigmas,  and  self-fertilisation  results,  unless  the  pollen  has 
been  removed  by  bees.  Since  the  plant  grows  sheltered  in  woods, 
it  is  visited  by  numerous  bees  even  in  unfavourable  weather. 

According  to  Mr.  T.  Whitelegge,  G.  rivale  is  occasionally  andro- 
monoecious  (774). 

Visitors  :  A.  Hymenoptera- Apidm :  (1)  Bombus  terrestris,  L  0  •  (2)  B 
Iapidanus,  L.  ?  ;  (3)  B.  confusus,  Scheuck,  ?  ;  (4)  B.  hypnorum,  L.  2  ;  (5) 
B.  pratorum  L.  2  $  ;  (6)  B.  Scrimsbiranus,  L.  ?  $  ;  (7)  B.  bortorum,  L. 

H  'pV6ry  "  r  ;  f}  5  agrOTUm'  F"  ?  5  (9)  B-  fra§rans'  K-  ? >  W  scarce  ; 
(10)  B.  senilis  Smith,  2;  (11)  B.  silvarum,  L.  2,  ab.,  all  sucking  (B.  sil- 
j  arum  2 ,  and  B.  pratorum,  $ ,  also  collected  pollen,  banging  back  downwards 
to  the :  flower  ;  (12  Apis  mellifica,  L.  ^sucking  the  flowers  from  outside, 

st'J  ?    n  n6™      V°k'  L>  ?'  S6eking  Vain^  for  ho™y-    B-  Diptera- 

t  rY  (nl ^r^r^  L-'V6r*V  ab-'8-  and  f-P-  &  Coleoptera- 
Nihduhdce  :  (15)  Meligethes,  ab.  1 

Geum  reptans,  L.,  and  G.  montanum,  L.;  are  proterogynous  and 
androdicecious;  that  is  to  say,  besides  the  ordinary  individuals 
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with  hermaphrodite  proterogynous  flowers,  other  plants  occur  in 
all  of  whose  flowers  the  pistil  is  suppressed  while  the  stamens 
remain  (609). 

137.  Geum  urbanum,  L. — The  flowers  are  much  smaller  than 
those  of  Gr.  rivale,  and  appear  at  a  season  (July,  August)  and  in 
spots  where  many  more  conspicuous  flowers  compete  with  them. 
They  accordingly  receive  few  insect-visits,  and  rely  for  the  most 
part  on  self-fertilisation. 

Honey  is  secreted  by  a  green,  fleshy,  annular  ridge  at  the 
base  of  the  receptacular  tube,  internal  to  the  insertion  of  the 
stamens.  When  the  flower  opens  all  the  stamens  are  bent  inwards, 
so  that  their  anthers  lie  close  upon  the  outer  carpels,  while  the 
inner  styles  with  ripe  stigmas  project  in  the  centre  of  the  flower. 
The  outermost  stamens  now  bend  outwards  and  the  anthers  dehisce, 
turning  their  pollen-covered  surfaces  upwards;  when  the  innermost 
stamens  dehisce  in  their  turn,  some  of  their  pollen  almost  always 
comes  upon  the  outer  stigmas.    If  the  flower  is  visited  early  by 
insects,  its  feebly-marked  proterogynous  dichogamy  may  insure 
cross-fertilisation  ;  if  the  visits  are  deferred  till  later,  crossing  may 
still  be  effected  by  an  insect  which  alights,  dusted  with  pollen, 
in  the  centre  of  the  flower.    But  self-fertilisation  must  take  place 
very  often,  both  spontaneously  and  by  the  agency  of  insects  which 
alight  at  the  edge  of  the  flower. 

I  have  only  observed  the  following  visitors  :  A.  Diptera— Syrphidm  :  (1) 
Melitlireptus  scriptus,  L.,  s.  and  f.p.  B.  Coleoptera- Dermestidm  :  (2)  Bytnrus 
fumatus,  L.,  f.p. 

138.  Fragaria  vesca,  L.  (Strawberry).— The  honey  is  secreted 
by  a  narrow,  fleshy  ring  at  the  base  of  the  receptacular  tube, 
sheltered  between  the  stamens  and  the  outer  carpels.    The  petals 
spread  out  into  a  level  disk,  forming  a  convenient  alighting-place 
for  insects.    An  insect  standing  on  a  petal  must,  to  reach  the 
honey,  thrust  its  head  between  the  stamens,  and  bring  it  in  contact 
with  the  stigmas.    If  both  stigmas  and  anthers  ripened  together 
self-fertilisation  would  thus  be  occasioned  directly  by  the  insects, 
but  as  a  matter  of  fact  the  stamens  come  to  maturity  much  later 
than  the  stigmas.    Cross-fertilisation  is  also  favoured  by  the  shape 
and  manner  of  dehiscence  of  the  anthers;  for  these  are  expanded 
into  flat  disks,  so  that  the  intervening  spaces  are  so  much  narrowed 
that  even  Ealictus  and  the  smaller  flies  cannot  reach  the  nectary 
with  their  heads,  without  rubbing  a.gainst  some  of  the  anthers.  The 
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anthers  dehisce  at  their  edges,  and  are  only  covered  with  pollen 
at  these  parts.  In  absence  of  insects,  I  have  noticed,  in  the  case  of 
plants  blooming  in  my  room,  that  some  pollen  falls  at  length  upon 
the  stigmas,  in  consequence  of  the  oblique  (light-seeking)  position 
of  the  flower. 

Visitors:  A.  Diptera — (a)  Empidm:  (1)  Einpis  livida,  L.,  s.  ;  (b)  Syr- 
phidce:  (2)  Eristalis  sepulcralis,  L.,  s.  ;  (3)  Syrphus,  s. ;  (4)  Melithreptus 
menthasfcri,  L.,  s.  ;  (5)  Bhingia  rostrata,  L.,  s.  ;  (6)  Syritta  pipiens,  L.,  s.,  ab.  ; 
(c)  Muscidcc :  (7)  Anthorayia  sp.  ;  (8)  Musca  corvina,  F.  B.  Coleoptera — 
(<t)  Dermestidaz :  (9)  Anthrenus  pimpinellEe,  F.,  l.h.  ;  (10)  A.  scrophularise, 
L.,  l.h.;  (b)  NitidulidcB :  (11)  Meligetkes,  ab.  ;  (e)  Malacodermata :  (12) 
Dasytes  ftavipes,  F.  ;  (13)  Malachius  bipustulatus,  F.,  both  species  licking 
honey,  and  also  devouring  the  anthers  ;  (d)  Mordellidw  :  (14)  Mordella  acu- 
leata,  L.,  l.h.  ;  (e)  Cerambycidm :  (15)  Gramnioptera  ruficornis,  Pz.,  not  rare, 
l.h.,  and  also  devouring  the  anthers.  C.  Thysanoptera — (16)  Thrips,  ab.,  s. 
D.  Hymenoptera — (a)  Apidiz  :  (17)  Prosopis  communis,  Nyl.  $ ;  (18)  Hal- 
ictus  lucidulus,  Schenck,  ? ,  s.  ;  (19)  H.  sexstrigatus,  Schenck,  $  ;  (20)  An- 
drena  dorsata,  K.  $ ,  c.p. ;  (21)  Nomada  sexfasciatus,  Pz.  ;  (22)  'N.  rufi- 
cornis, L.  ?,  s. ;  (23)  N.  signata,  Jur.  <$,  s.  ;  (24)  Apis  mellifica,  L.  ? ,  c.p.  ; 
(b)  Sphegidce:  (25)  Oxybelus  nniglumis,  L.,  l.h.  See  also  No.  590,  n,  and 
No.  609. 

In  the  United  States,  cultivated  species  of  Fragaria  incline  to 
dicecism. 

139.  Potentilla  veen A,  L. — The  annular  ridge  on  the  inner 
wall  of  the  receptacular  tube,  which  surrounds  the  base  of  the 
stamens  and  is  marked  by  its  dark,  sometimes  reddish-yellow, 
colour,  and  bright  polished  appearance,  secretes  honey  not  in  drops 
but  in  a  very  evident  smooth  adherent  layer.  The  anthers  get 
covered  on  both  sides  with  pollen,  and  ripen  simultaneously  with 
the  stigmas.  Insect-visitors  alight  sometimes  in  the  middle  of  the 
flower,  sometimes  on  the  petals ;  in  the  latter  case  they  dust  them- 
selves with  pollen,  but  are  not  likely  to  come  in  contact  at  all  with 
the  stigmas,  as  the  honey-secreting  ring  lies  farther  outwards  than 
in  the  preceding  species  ;  if  they  alight  in  the  middle  of  the  next 
flower,  cross-fertilisation  is  accomplished.  Self-fertilisation  must 
in  any  case  be  a  frequent  occurrence.  In  dull  weather  the  flowers 
close  partially,  and-  at  night  they  shut  completely,  bringing  the 
anthers  in  contact  with  the  stigmas. 

Visitors  (from  April  21  to  May  24):  A.  Hymenoptera— Apidce :  (1) 
Hahcfcua  kmcopus,  K.  ?,  H.  and  c.p.  ;  (2)  H.  flavipes,  K.  ? ,  c.p.  ;  (3)  H. 
.-x.tr.gatus,  Schenck,  ? ,  c.p.  ;  (4)  H.  cylindricus,  F.  $ ,  c.p.  ;  (5)  Andrena 
albicans  K  ?  3,  c.p.  and  s,  ab.  ;  (6)  A.  albicrus,  K.  $,  s.  ;  (7)  A.  nana,  K. 
6,  8. ;  (8)  A.  argentata,  Smith  (=  A.  gracilis,  Schenck),       s.  j  (9)  A.  fulvi- 
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crus,  K.  (J,  s.  ;  (10)  A.  parvula,  K.  ?  ,  B. ;  (11)  A.  dorsata,  K.  ?,  c.p. ;  (12) 

A.  chrysosceles,  Nyl.  $ ,  s.  ;  (13)  Nomada  ruficornis,  L.  $  ;  (14)  Osmia 
fusca,  Christ,  (bicolor,  Schrank),  $ ,  s.  and  c.p.  ;  (15)  Apis  raellifica,  L.  § ,  s. 

B.  Diptera— (a)  Stratiomyidce  :  (16)  Odontoniyia  argentata,  F.,  s.  ;  (b)  Syr- 
pkidas:  (17)  Syritta  pipiens,  L.,  s.  ;  (18)  Syrplius,  s.  ;  (19)  Rhingia  rostrata, 
L.,  s.  ;  (20)  Cheilosia  prsecox,  Zett.,  ab.,  s.  ;  (21)  Ch.  modesta,  Egg.,  s. ;  (c) 
Muscidce :  (22)  Pollenia  vespillo,  F. ;  (23)  Onesia  cognata,  Mgn.  ;  (24)  0. 
floralis,  R.  D., — all  three  sucking.  C.  Coleoptera— Nitidulidai :  (25)  Meligethes, 
licking  honey,  ab.    See  also  No.  590,  n. 


Fio.  'id.—Potentilla  minima,  Haller/iZ. 


serted, 

covGrcd  w  1  uxi  a      ~.  ^  •>  >  ■»  •  . 

of  gtfffi&SSK  *53ft  *™ 

Poteniilla  minima,  Haller  fil-The  annexed  figure  may  serve 
as  an  illustration  of  a  simple,  open,  regular  flower  c^s-fertxhsed 
bv  a  miscellaneous  lot  of  short-lipped  insects,  which  has  already 
acnuirTbesides  a  nectary,  a  honey-receptacle,  a  con—  to 
Si  honey,  and  guides  or  pathfinders  to  pomt  towards  A 

140  Potentilla  eeptans,  L.-The  floral  mechanism  resem- 
bles that  of  P.  vema,  and  the  fertilising  agents  m  like  manner 
a,re  chiefly  the  less  specialised  bees. 
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A.  Hymenoptera— Apidce :  (1)  Prosopis  armillata,  Nyl.  $  ;  (2)  Pr. 
hyalinata,  Sm.  $  ;  (3)  Halictus  niaculatus,  Sm.  $ ,  c.p.  ;  (4)  H.  leucuzonius, 
Schrank,  ? ,  c.p. ;  (5)  H.  sexstrigatus,  Schenck,  ? ,  c.p.  and  s.  ;  (6)  Andrena 
albicrus,  K.  $ ;  (7)  A.  nana,  K.  £ ,  s.  ;  (8)  Sphecodes  gibbus,  L.  $ ,  a.  ;  (9) 
Xomada  xanthosticta,  K.  $,  s.  ;  (10)  N.  succincta,  Pz.  $,  s.  ;  (6)  Sphegidce  : 
(11)  Ammophila  sabulosa,  L.  B.  Diptera— Syr^/iifte  :   (12)  Syrphns 

arcuatus,  Fallen,  f.p.    See  also  No.  590,  rr. 

141.  Potentilla  anserina,  L. — The  floral  mechanism  resembles 
that  of  P.  verna. 

Visitors:  Hymenoptera—  (a)  Apidce:  (1).  Halictus  fiavipes,  K.  ?,  c.p. 
(2)  H.  sexstrigatus,  Schenck,  $ ,  c.p.  ;  (6)  Sphegidce :  (3)  Oxybelus  uniglumis, 
L  ;  (4)  0.  bellus,  Dlb.    See  also  No.  590,  11.,  and  No.  609. 

142.  Potentilla  fruticosa,  L. — In  this  flower  also  I  have 
failed  to  discover  distinct  drops  of  honey,  but  the  smooth  shining- 
ring  or  disk  at  the  base  of  the  receptacular  tube,  surrounding  the 
stigmas,  is  so  much  visited  by  insects,  including  even  the  honey- 
bee, that  I  can  scarcely  doubt  that  a  thin  layer  of  honey  covers  the 
epidermis  in  this  part.  The  stigmas  ripen  simultaneously  with  the 
anthers,  "which  dehisce  laterally.  Insects,  as  they  happen  to 
alight  in  the  centre  of  a  flower  or  on  a  petal,  touch  stigmas  or 
stamens  first,  and  thus  cross-fertilisation  and  self-fertilisation  seem 
equally  probable.  In  absence  of  insects,  some  of  the  stamens  curve 
inwards  as  they  wither,  and  come,  still  dusted  with  pollen,  in  con- 
tact with  the  stigmas.  In  sunny  weather  the  conspicuous  flowers 
attract  very  numerous  insects. 

Visitors :  A.  Hymenoptera — (a)  Apidce  :  (1)  Apis  mellifica,  L.  £  >  Sl^>- 
(the  bee  alights  in  the  middle  of  the  flower,  and  turning  round  passes  its 
tongue  over  the  whole  honey-bearing  ring  which  surrounds  the  bases  of  the 
stamens,— it  effects  cross-fertilisation  regularly)  ;  (2)  Halictus  zonulus,  Sm. 
$ ,  also  licking  honey  ;  (6)  Sphegidce :  (3)  Oxybelus  bellus,  Dlb.,  very  ab. 
often  four  at  once  in  a  flower  ;  (4)  0.  uniglumis,  L.,  scarce,  both  licking 
honey.  B.  Diptera—  (a)  Stratiomyidce :  (5)  Sargus  cuprarius,  L.,  ab.  ;  (b) 
Tubanidce:  (6)  Chrysops  ccecutiens,  L.  £ ;  (c)  Syrphidce :  (7)  Eristalis 
sepulcralis,  L. ;  (8)  E.  arbustorum,  L.  ;  (9)  Helophilus  pendulus,  L.  ;  (10) 
H.  floreus,  L.  ;  (11)  Melithreptus  tseniatus,  Mgn.  ;  (12)  Syritta  pipiens,  L. 
(7)— (11)  all  ab.,  sometimes  l.h.,  sometimes  f.p.  ;  (d)  Conopidce:  (13)  Sicus 
ferragineus,  L.;  (e)  Muscidcc:  (14)  Sarcophaga  carnaria,  L.,ab.  ;  (15)  Lucilia 
silvarum,  Mgn. ;  (16)  L.  Cornicina,  F.,  both  ab.  ;  (17)  Anthomyia,  very  ab.  ; 
(18)  Scatophaga  merclaria,  F.,  ab.  ;  (19)  Sepsis,  very  freq.  (12)— (18)  only  l.h. 
C.  Coleoptera—  (a)  Nitidulidce :  (20)  Meligethes,  very  ab.,  f.p.  ;  (b)  Malaco- 
clermata  :  (21)  Dasytes  flavipes,  L.,  licking  honey  and  devouring  the  anthers. 

143.  Potentilla  Tobmentilla,  Nestl.— The  floral  mechanism 
is  as  in  P.  verna,  but  the  secretion  of  honey  is  more  evident.  The 
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flattened  anthers  dehisce  edgewise  as  in  Fragaria,  and  only  their 
thin  edges  remain  coated  with  jaollen. 

Visitors:  A.  Hymenoptera — Apkhe  :  (1)  Andrena  denticulata,  K.  9  <J,  s. 
and  c.p. ;  (2)  A.  parvula,  K.  $,  c.p.  B.  Diptera — (a)  Bombyliidce :  (3)  Sys- 
tuvhus  sulfureus,  F.,  s.  (Sid.)  ;  (/;)  Syrphidm  :  (4)  Clirysotoxum.bicinctum,  L., 
1'req.  (Sid.)  ;  (5)  Melithrcptus  scriptus,  L.,  f.p.  ;  (G)  Cheilosia  sp.  (pictipennis, 
Egger  ?),  f.p.    See  also  No.  590,  n.,  and  No.  609. 

Potentilla  atrosanguinea,  Lodd. — The  flowers,  according  to 
Delpino,  are  proterandrous,  with  short-lived  stigmas  :  in  the  first 
stage  the  anthers  are  unripe  and  radiate  outwards ;  in  the  second, 
they  stand  erect  on  a  level  with  the  stigmas.  Andrena  and 
Halictus  were  observed  to  visit  the  flower  (178,  360). 

Potentilla  argentea,  L. — Twenty  species  of  insect- visitors  are 
enumerated  in  my  Weitere  Beobachtungen,  II. 

Potentilla  Salisburgensis,  Haenke  (=  P.  aurea,  var.  j3),  P.  aurea, 
L.,  P.  grandiflora,  L.,  P.  caulescens,  L.  (vide  Pie  Alpenblumen,  pp. 
218—222). 

Sibbaldia  procumbens,  L. — The  honey  lies  fully  exposed,  and 
the  tiny,  greenish-yellow  flowers  are  abundantly  visited  by  small, 
short-lipped  insects  (Miiscidw,  Ants,  Iclmeumonidaz).  Stigmas  and 
anthers  ripen  simultaneously.,  but  stand  too  far  apart  for  spontaneous 
self-fertilisation  to  take  place  (609,  fig.  87). 

Tribe  Poteriece. 

.144.  Alchemilla  vulgaris,  L. — The  tiny  flowers  are  desti- 
tute of  a  corolla.    A  yellow  fleshy  ring  on  the  inner  wall  of  the 


p1G;  76, — Alchemilla  vulgaris,  L. 

!  -Flower  with  perfect  stamens  and  short  style,  from  above. 
o'—Ditto  viewed  obliquely,  from  above. 

with  three  perfect  and  one  abortive  stamen,  and  perfect  style. 
4  Ditto  with  style  still  more  developed,  and  all  the  stamens  abortive. 
t7pi<K  6.  »lyx  ;  c,  stamen  ;  c\  abortive  stamen  ;  d,  stigma  ;  e,  nectary. 

receptacular  tube,  which  surrounds  the  style  and,  later  on,  the 
ovarv  secretes  a  thin  layer  of  honey  and  gives  a  greenish-yellow 
appearance,  at  a  little  distance,  to  the  whole  inflorescence.  Owing 
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to  the  small  supply  of  honey,  insects  with  long  prohoscides  do  not 
visit  the  flower  or  do  so  sparingly,  and  beetles  and  other  insects 
which  are  only  attracted  by  bright  colours  are  also  absent. 
Cross-fertilisation  is  favoured  by  partial  separation  of  the  sexes. 
Flowers  seldom  occur  in  which  both  male  and  female  organs  are 
equally  developed.  In  the  great  majority  of  flowers  either  the 
stamens  are  fully  developed  and  the  pistil  remains  so  short  as 
scarcely  to  project  above  the  honey-secreting  ring  (Fig.  76,  1,  2), 
or  the  style  is  long  and  exserted  (Fig.  76,  4),  and  the  anthers 
completely  aborted  :  sometimes,  however,  flowers  occur  (Fig.  76, 
3)  in  which  one  or  two  stamens  are  developed  in  addition  to  the 
pistil,  the  others  being  suppressed. 

I  have  never  observed  a  case  of  self -fertilisation. 

At  Lippstadt  I  have  found  Alchemilla  vulgaris,  L.,  visited  by 
one  of  the  Syrphidaa,  Xanthogramma  citrofasciata,  Deg. ;  on  the 
Alps  by  three  butterflies  and  six  flies  (Alpenbl.  pp.  223,  224). 

Alchemilla  alpina,  L.,  A.  fissa,  Gunth.,  and  A.  pentaphylla,  L., 
are  frequented  by  short-lipped  insects,  and  do  not  differ  materially 
in  their  arrangements  for  fertilisation  from  A.  vulgaris.  They 
show  all  transition-stages  between  hermaphrodite  and  purely  female 
flowers ;  and  in  A.  fissa,  at  least,  among  very  many  flowers 
bearing  seed  I  found  none  with  more  than  one  stamen,  so  that 
flowers  with  more  than  one  stamen  seem  to  have  lost  their  female 
functions  (609). 

145.  Agrimonia  Eupatoria,  L.— The  two  styles,  which  project 
from  the  centre  of  the  flower,  are  united  at  their  base  to  a  fleshy 
ring,  on  which  I  have  not  observed  honey.  The  five  to  seven 
stamens,  which  are  inserted  at  the  edge  of  this  disk,  bend  slightly 
inwards ;  their  anthers,  which  dehisce  laterally,  stand  on  a  level 
with  the  stigmas,  and  come  in  contact  with  them  before  withering 
by  bending  still  farther  inwards.  Insect-visits  are  scanty,  and 
must,  in  many  cases,  induce  mainly  self-fertilisation,  for  cross- 
fertilisation  only  results  when  the  insects  alight  well  in  the  centre 
of  the  flower.  Since  all  the  flowers  are  found  to  produce  seed 
self-fertilisation  is  doubtless  quite  efficient. 

Eug.  Warming  gives  a  thorough  description  of  the  development 
of  the  flower  (762). 

Visitors  :  A.  Diptera— (a)  SyrpUdce  :  (1)  Syritta  pipiens,  L.  ;  (2)  Ascia 
podagnca,  F.  ;  (3)  Melithreptus  scriptus,  L.  ;  (4)  M.  dispar,  Loew.  ;  (5)  M 
pictus,  Mgn.  ;  (6)  M.  tamiatns,  Mgn.  ;  (V)  Meknostoma  mellina,  L.  ;  (8) 
Emtahs  tenax,  I,,  all  f.p.  only  ;  (9)  Rhingia  rostral  a,  I,,  do.  ;  (/,)  Mustidm  ■ 


236  THE  FERTILISATION  OF  FLOWERS.       [i-art  in. 

(10)  Anthomyia  sp.,  f.p.  B.  Hymenoptera— Apidw  :  (11)  Halictus,  small 
species,  $ ,  c.p. 

146.  Poterium  Sanguisorba,  L.,  is  anemophilous,  with  red 
penicillate  stigmas,  and  anthers  hanging  out  of  the  flower  on  long 
thin  filaments.  On  June  27,  1869,  I  saw  a  wasp,  Odynerus 
parietum,  L.  $,  settle  on  the  flower,  attracted  probably  by  the 
red  colour;  but  after  a  short  and  vain  search  it  flew  away  again. 

147.  Sanguisorba  officinalis,  L.— The  flowers  are  devoid 
of  petals,  whose  function  devolves  entirely  upon  the  calyx.  The 


Fig.  77. — Sanguisorba  officinalis,  L. 

A.  —Flower,  viewed  from  above. 

B.  _ Ditto,  from  the  side. 

C\ — Ditto,  in  longitudinal  section 
D.— A  sepal,  from  the  inside,    (x  7.) 


calyx,  in  its  lowest 1  part,  surrounds  the  ovary ;  its  middle  portion, 
constituting  a  fleshy  ring  around  the  base  of  the  style,  secretes 
honey ;  and  its  uppermost  part  spreads  out  into  four  dark  purple 
sepalin'e  lobes.  Anthers  (a)  and  stigmas  (st)  are  developed  simul- 
taneously. The  divided  stigma  resembles  that  of  an  anemophilous 
flower,  and  is  doubtless  a  character  inherited  from  an  anemophilous 
ancestor  resembling  Poterium  (609). 


Tribe  Iiosece. 


148  Rosa  canina,  L.— The  upper  border  of  the  calyx-tube, 
internal  to  the  attachment  of  the  stamens,  is  provided  with  a  thick 
fleshy  rincr  which  closely  surrounds  the  styles,  letting  the  stigmas 
only  protrude.    The  flowers  seem  either  to  secrete  no  honey  at  all, 

1  The  lowest  and  middle  part  really  belong  to  the  receptae.nlnr  tube. 
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or  only  a  thin  adherent  layer  of  it;  at  least,  I  have  never  found  drops 
of  honey,  in  spite  of  repeated  searching.  The  flowers,  which  attract 
notice  by  their  large  petals  and  their  strong  scent,  compensate  the 
numerous  insect-visitors  for  the  want  of  honey  by  the  abundance  of 
pollen  which  the  numerous  stamens  supply.  The  ring  surrounding 
the  style  is  of  material  importance ;  for  since  the  stamens,  when  the 
flower  opens,  are  inclined  outwards  and  the  petals  remain  directed 
more  or  less  upwards,  the  ring  and  the  stigmas  within  it  form  the 
only  convenient  alighting-place  for  insects  :  thus  insects  coming 
dusted  with  pollen  from  another  flower  are  brought  into  contact 
Avith  the  stigmas  first.  And  this  is  the  only  character  present  to 
promote  cross-fertilisation,  for  stigmas  and  anthers  come  to  maturity 
together. 

In  long-continued  dull  or  rainy  weather,  insect-visits  may  cease 
almost  completely ;  but  the  flowers,  turning  towards  the  sun,  all 
stand  more  or  less  obliquely,  so  that  part  of  the  pollen  falls  upon 
the  stigmas. 

Visitors  :  A.  Hymenoptera — Apidm  :  (1 )  Apis  mellifica,  L.  $  ,  c.p. ;  (3)  An- 
drena  albicans,  K.  $  £ ,  c.p.  and  f.p. ;  (3)  A.  fncata,  Sin.  $ ,  c.p.  ;  (4)  Halictus 
nitidus,  Schenck,  ? ,  c.p.  ;  (5)  Megachile  circumcincta,  K.  <j> ,  c.p.  ;  (6)  Prosopis 
communis,  Nyl.  ?  £ ,  f.p.,  ab.  B.  Diptera — Syrphidce  :  (7)  Helophilus  floreus, 
L.  ;  (8)  Syritta  pipiens,  L.,  ab.,  botb  f.p.  C.  Coleoptera — (a)  Nitidulidce :  (9) 
Meligethes,  ab.  ;  (6)  Dermestidw :  (10)  Anthrenus  pimpinellse,  F.  ;  (11)  A. 
scropbularise,  L.,  botb  ab.,  f.p.  ;  (c)  Malacodermata :  (12)  Anthocomus 
fasciatus,  L.  ;  (d)  Lamellicornia  :  (13)  Cetonia  aurata,  L.  ;  (14)  Phyllopertha 
borticola,  L.  (both  often  bite  large  boles  in  tbe  petals,  and  -often  even  devour 
the  stigmas  and  all  the  anthers)  ;  (e)  MordelUdce  :  (15)  Mordella  aculeata,  L.  ; 
(16)  Anaspis  frontalis,  L.  ;  (/)  Cerambijcidce  :  (17)  Ehagium  inquisitor,  F.  ; 
(18)  Strangalia  armata,  Hbst.  ;  (19)  S.  nigra,  L.,  devouring  the  anthers  and 
other  delicate  tissues ;  (g)  Chrysomelidw  .■•(20)  Luperus  flavipes. 

149.'  Rosa  centifolia,  L— In  consequence  of  its  more  con- 
spicuous flowers,  this  species  is  still  more  largely  visited  by  insects ; 
for  though  I  have  observed  it  more  rarely  than  R.  canina,  I  have  a 
longer  list  of  its  insect-visitors. 

A.  Hymenoptera— (a)  Apidm:  (1)  Andrena  albicans,  K.  ?  <y ,  c.p  and  f  p  , 
very  ab. ;  (2)  A.  pilipes,  F.  •  ?  <J,  do.,  scarcer;  (3)  A.  dorsata,  K.  ?,  c.p., 
ab. ;  (4)  Halictus  zonulas,  Sm.  ?  ;  (5)  H.  sexstrigatus,  Schenck,  ?  ;  (6)  H 
sexnotatus,  K.  $,  all  three  c.p.;  (7)  Megachile  circumcincta,  K  ?;  (8)  M. 
.  entuncularis,  L.  ? ,  both  c.p.,  ab.  ;  (9)  Prosopis  propinqua,  Ny].  9^;  (10) 
.  communis,  Nyl.  ?  (?)  both  very  ab.,  f.p.  ;  (6)  Ghrysidm:  (12)  Chrysis  ignita, 
U  ;  (13)  Chr.  cyanea,  L.  ;  (c)  Sphcgidm  :  (14)  Crabro  patellatus,  v.  d.  L.  B. 
Uiptera-^rpAkfe :  (15)  Bracbypalpus  valgus,  Pz.  ;  (16)  Eristalis  ameus, 
bcop. ;  (17)  E.  nomorum,  L. ;  (18)  Chrysogaster  viduata,  L.  ;  (19)  Syritta 
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pipiens,  L.,  all  f.p.  C.  Coleoptera— (a)  NUMulida  :  (20)  Meligethes,  ab.  ; 
6)  Dermestidce:  (21)  Anthrenus  pinrpinellso,  F.  ;  (22)  A.  scrophul  arise,  l! 
ab.  ;  (23)  A.  clavier,  Er.,  scarce  ;  (c)  Malacodermata  :  (24)  Dasytes  Bp.,  scarce  ; 
(25)  Anthocomus  fasciatus,  L.,  ab.  ;  (d)  Lamellicornia  :  (26)  Cetonia  aurata, 
L.  ;  (27)  Phyllopertha  liorticola,  L.  ;  (28)  Melolontha  vulgaris,  L.,  all  three 
devouring  the  soft  tissues  indiscriminately  ;  (e)  Mordellidce :  (29)  Mordella 
aculeata,  L.  ;  (30)  Anaspis  ruficollis,  F.  ;  (/)  Cistelidce :  (31)  Cistela  murina, 
L.  ;  (g)  Cerambycidce  :  (32)  Strangalia  atra,  F. ;  (33)  S.  attenuata,  L.  ;  (34) 
Graramoptera  ruficornis,  F.,  very  freq.  ;  (35)  Clytus  arietis,  L.,  all  feeding 
on  the  soft  tissues,  especially  the  anthers. 

These  last  two  lists  not  only  afford  a  new  example  of  how 
increasing  conspicuousness  leads  to  more  numerous  insect-visits; 
but  they  also  disprove  Delpino's  theory,  that  the  proper  fertilisers 
of  Roses  are  Getonim  and  Glaphyridaz  and  that  therefore  the 
geographical  distribution  of  Roses  is  limited  by  the  range  of  these 
beetles.1 

Rosa  rubiginosa,  L.,  produces  an  obvious  secretion  of  honey 
(590,  II.). 

Tribe  Pomeoi. 

150.  Pyrus  Malus,  L. — The  five  stigmas  overtop  the  stamens 
and  ripen  before  them.  The  conspicuous  flowers  and  easily 
accessible  honey  attract  many  insects,  and  cross-fertilisation  is 
insured  by  the  proterogynous  condition,  and  also  by  the  prominent 
position  of  the  stigmas.  In  the  absence  of  insects,  self-fertilisation 
results  ;  for  most  flowers  are  directed  sideways,  towards  the  light,  so 
that  pollen  can  fall  of  itself  upon  the  stigmas.  Here  and  there 
flowers  occur  in  which  the  stigmas  are  in  immediate  contact  with 
the  anthers. 

Visitors:  A.  Hymenoptera—  (a)  Apidce:  (1)  Bornbus  terrestris,.L.  <j?  ;  (2) 
B.  agrorurn,  F.  ?  ;  (3)  B.  lapidarius,  L.  <j?  ;  (4)  B.  hortorum,  L.  $ ,  all  four 
very  ab.  ;  (5)  Apis  mellifica,  L.  $  ;  (6)  Anthophora  pilipes,  F.  $  ;  (7)  An- 
drena  albicans,  K.  $  ?  ,  all  seven  s.  and  c.p.  ;  (8)  Halictus  sexnotatus,  K.  $ ,  s.  ; 
(9)  Osmia  rufa,  L.  s.  (the  bees  almost  always  alight  in  the  middle  of  the 
flowers,  and  so  usually  perform  cross-fertilisation  even  in  older  flowers,  since 
the  stigmas  are  the  first  to  touch  the  pollen-covered  belly  of  the  insect),  (b) 
Formicida:  (10)  various  species,  ab.,  s.  B.  Diptera— («)  Bombyliidce :  (11) 
Bombylius  major,  L.,  s.  ;  (b)  Empidce  :  (12)  Empis  livida,  L.,  s. ;  (c)  Syrphidas : 
(13)  Rhingia  rostrata,  L.,  very  freq.,  usually  s.  but  also  f.p.;  (14)  Syrphus 
pyrastri,  L.,  s.  and  f.p.  ;  (d)  Muscidcc  :  (15)  Onesia  floralis,  R.  D.,  s. ;  (e) 
Bibionidce, :  (16)  Dilophus  vulgaris,  Mgn.,  very  ab.,  s. 


1  Alcuni  App.  p.  18,  "La  pconic  c  Ic  rose  debbono  arrestarsi  dove  si  arrcstano 
la  Cetonia." 
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151.  Pyrus  communis,  L.— The  stamens  are  here  longer  than 
the  styles,  but  when  the  flower  opens  they  are  curled  inwards  and 
immature,  while  the  stigmas  are  ripe  and  project.  Cross-fertilisa- 
tion is  insured  only  if  insects  come  soon  after  the  opening  of  the 
flower.  In  absence  of  insects,  self-fertilisation  takes  place  as  in 
Pyrus  Mains.  I  have  often  observed  by  experiment  how  easily 
pollen  from  a  ripe  stamen  adheres  to  the  stigmas  of  a  flower,  long- 
before  its  own  anthers  are  ripe. 

Visitors  :  A.  Diptera—  (a)  Syrphidas  :  (1)  Eristalis  tenax,  L.,  very  ab.  ;  (2) 
E.  arbustoram,  L.  ;  (3)  E.  nemorum,  L.,  ab.  ;  (4)  E.  intricarius,  L.  ;  (5) 
Syrittapipiens,  L.  ;  (6)  Ascia  podagrica,  F.,  both  ab.  ;  (7)  Melanostoma  mellina, 
L.,  aU  the  SyrphidBe  both  s.  and  f.p.  ;  (b)  Muscidce  :  (8)  Anthomyia  radicum, 
R.  D.  <J  ?,  very  ab.  ;  (9)  Pollenia  Vespillo,  F.  ;  (10)  P.  rudis,  F.  ;  (11)  Musca 
corvina,  F. ;  (12)  M.  domestica,  L.  ;  (13)  Lucilia  cornicina,  F.  ;  (14)  Calliphora 
erythrocephala,  Mgn.  ;  (15)  Sepsis  sp.,  all  s.  ;  (16)  Scatopbaga  merdaria,  F 
s.  and  f.p.  B.  Hynienoptera—  (a)  Apidm :  (17)  Apis  mellifica,  L.  0,  very 
ab.,  s.  and  c.p.  ;  (18)  Bombus  terrestris,  L.  $ ,  s.,  scarce,  and  flying  away  after 
visitang  a  few  flowers  ;  (19)  Andrena  albicans,  K.  ?  £ ,  c.p.  and  s.,  ab.  :  (20) 
A.  Gwynana,  K.  ?  ;  (21)  A.  parvula,  K.  ?  ;  (22)  A.  Collinsonana,  K.  9,  all 
both  s.  and  c.p.  ;  (23)  Halictus  rubicnndus,  Chr.  ?  ,  c.p.  and  s.  ;  (b)  Formicidce  : 
(24)  Lasius  mger,  L.  5,l.h.  ;  (c)  [Tenthredinidce :  (25)  Dolerus  gona^er  Kl 

S26)/emf1S  Vfa*.  V.,  a  Colcoptera-(a)  WiLlid*': 

(27)  _MehptheS  ab  ;  (b)  Curculiomdm :  (28)  Rhynchites  a3quatns,  L.  ;  (,) 
Coccinelhd*:  (29)  Coccmella  14-punetata,  L.  ;  (d)  Phalacridce ,  (30  Oflbrus 
ffineus,  F,  all  four  licking  honey.    D.  Thysanoptera-(31)  Thrips,  ab. 

152.  Pyrus  Aucuparia,  Gasrt.-When  the  flower  opens,  the 
stamens  are  still  immature,  the  outer  ones  standing  erect  the  inner 
ones  bent  inwards  so  that  their  anthers  are  placed  below  the 
stigmas.    Tne  stigmas  are  ripe,  and  project  in  the  centre  of  the 
flower.    The  anthers  which  open  inwards,  cover  themselves  all 
round  with  pollen.      n  cold,  dull  weather,  the  innermost  anthers 
r  mam  bent  down  below  the  stigmas  even  after  dehiscence;  the 
outer  ones  stand  above  the  stigmas,  incurved  towards  them  ■  thus 
m  absence  of  insects,  self-fertilisation  takes  place  readily.    6n  the 
ther  hand,  in  warm  sunshine,  the  stamens  are  inclined  away  from 
the  stigmas,  and  the  honey-secreting  ring  is  visible 
protected  with  hairs  issuing  fLi  the  ble  ofth  sty I  1^2 
dipping  down  to  the  honey,  touch  stamens  and  stigmas  wi^ 
opposite  sides  of  their  heads.    The  small  flowers  arf  rendlred 
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ill).  ;  (4)  A.  dorsata,  K.  $  £ ,  all  three  sucking  and  collecting  pollen  ;  (5)  A. 
Smithella,  K.   $ ,  c.p.  ;  (6)  A.  atriceps,  K.   ?;  (7)  A.  convexiuscula,  K.  $  ; 
(8)  Halictus  rubicundus,  Chr.  $;  (9)  H.  zonulas,  Sin.  ?,all  sucking  ami 
collecting  pollen  ;  (10)  Nomada  ruficornis,  L.  ?  ^  ;  (11)  N.  signata,  Jur.  ?, 
both  sucking;  (b)  Formicidce :  (12)  Formica  congerens,  N.  $;  (13)  Lasius 
niger,  L.  $  ;  (14)  Myrniica  sp.,  $ ,  all  three  s.,  ab.    B.  Diptera—  (a)  Empidai : 
(15)  Ernpis  livida,  L.  ;  (16)  E.  rustica,  Fallen,  both  s.,  ab.  ;  (b)  Syrphidce  : 
(17)  Helophilus  floreus,  L.  ;  (18)  Eristalis  arbustorum,  L.  ;  (19)  E.  nernoruin, 
L.  ;  (20)  E.  horticola,  Mgn.  ;  (21)  Rhingia  rostrata,  L.,  all  five  s.  and  f.p.,ab.  ; 
(c)  Muscidcc :  (22)  Echinomyia  fera,  L.  ;  (23)  Onesia  floralis,  R.  D.  ;  (24) 
Scatophaga  stercoraria,  L.  ;  (25)  S.  merdaria,  F.,  the  last  three  ab.,  s.  ;  (26) 
Sepsis,  ab.  ;  (d)  Conopidce :  (27)  Myopa  testacea,  L.  ;  (e)  BibionMw :  (28) 
Dilophus  vulgaris,  F.,  ab.,  s.,— besides  several  undetermined  flies  and  midges. 
C.   Coleoptera—  (a)   Nitidulidce :    (29)  Epiirsea ;  (30)  Meligethes,  both  in 
hundreds ;   (b)  Dermestidce :    (31)  Byturus,  in  hundreds ;   (32)  Attagenus 
pellio,  scarce  ;  (c)  Elateridw  :   (33)  Agriotes  aterrimus,  L.  ;  (34)  Dolopius 
marginatum  L.  ;  (35)  Corymbites  holosericeus,  L.  ;  (36)  Limonius  cylindricus, 
Pk.  ;   (37)  L.  parvulus,  Pz.  ;  (d)  Lamellicornia :  (38)  Cetonia  aurata,  L.  ; 
(39)  Melolontha  vulgaris,  L.,  both  devouring  all  the  tissues  of  the  flower  ;  (e) 
Malacodermata  :  (40)  Malachius  ameus,  F.,  l.h.,  and  devouring  the  anthers  ; 
(f)Mordellidce:    (41)  Anaspis  rufilabris,  Gylh.  ;  (?)  Tenebrionida; :  (42) 
Microzoum  tibiale,  F.  !— only  once  ;  (h)  Qurculionida  :  (43)  Apion  sp.  ;  (44) 
Phyllobius   maculicornis,  Germ.,  both  s.  ;  (i)  Cerambycidw :  (45)  Clytus 
arietis,  L.,  s.  ;  (k)  Chrysomelidw  :  (46)  Adimonia  sanguinea,  F.,  s. 

153.  Crataegus  Oxyacahtha,  L.— The  flowers  resemble  those 
of  Pyrus  Atcmparia  in  regard  to  their  proterogyny,  the  manner  of 
dehiscence  and  the  bending  inwards  -of  their  stamens,  and  hence 
also  in  the  great  likelihood  of  cross-fertilisation.  The  outer  stamens 
beam  to  dehisce  one  or  two  days  after  the  opening  of  the  flower. 
Dung-flies  and  flesh-flies  are  attracted  in  special  abundance  by 
the  odour  of  the  flowers.  In  absence  of  insects,  many  flowers 
fertilise  themselves.  The  young  shoots  sometimes  exude  a  sweet 
sap,  which  is  sought  by  insects.  On  May  9,  1868,  on  bushes  that 
were  just  beginning  to  flower,  I  saw  Antlwphora  pihpes,  F.  S 
Bombus  terrestris,  L.  ? ,  an  Andrena,  and  Odynerus  parietum,  L.  ?, 
all  feeding  on  this  sap. 

Visitors:  A.  Diptera-(a)  Empidai:  (1)  Tachydromia connexa Mgn at ,  ; 
(2)  Empis  livida,  L.,  s.,  very  ab.;  (3)  Microphorns  velutmus,  Macq  (identifi  d by 
Herr  Wmnertz)  b)  Syrphidce :  (4)  Pipiza  notata,  Mgn.  ;  (5)  Rhmgia  rostrata, 
?  s  very  ab.  6  Eristalis  tenax,  L.  ;  (7)  E.  intricarius,  I*  j  (8)  E.  nemorum, 
l'  (9)1  arbustorum,  L.  ;  (10)  E.  sepulcralis,  L.  ;  (11)  E.  perhnax  Scop 
all  the  species  of  Eristalis  s.  and  f.p.  ;  all  except  E.  intncanus  verj  ab.  ,  (12) 
^LhS^EL,  L.  ;  (13)  H.  pendulus,  L.,  both  ab.  (14)  Xylota  segnis,  L.  ; 
Helophilus  noreiis      ^   -      i  Sarcophaga  carnana,  L.,  s.  ; 

§)t:^^JX^)  o/sepulUMgn.,,;  (19)  Graphomv, 
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niaculata,  Scop. ;  (20)  Mesembrina  meridiana,  L.  ;  (21)  Cyrtoneura  sp.  ;  (22) 

Aricia  sorva,  Mgn.  ;  (</)  Bibionidm :  (23)  Bibio  Marci,  L.,  s.  j  (24)  Dilophus 

vulgaris,  L.,  very  ab.    B.  Coleoptera— (a)  Dermestidce :  (25)  Attagenus  pellio, 

L.,  Lb.  ;  (26)  Antbrenus  scroplndariaj,  L.,  very  ab.  ;  (27)  A.  pimpinellaj,  F., 

still  more  ab. ;  (28)  A.  claviger,  Er.,  scarce,  all  tbr.ee  Lb.  ;  (b)  Nitiduluhe  : 

(29)  Meligethes,  Lb.,  very  ab. ;  (c)  Bupreatidce :  (30)  Antbaxia  nitidula,  L.  ; 

((/)  Malacodermata  :  (31)  Malacbius  (elegans,  01.  ?),  feeding  on  tbe  anthers  ; 

(32)  Telephorus  testaceus,  L.  ;   (e)  (Edemeridte  :   (33)  Asclera  cccrulea,  L.  ; 

(/)  MordeUidcn  :  (34)  Anaspis  frontalis,  L.,  Lb.  ;  (35)  Mordella  abdominalis, 

F.j  bb.  ;  (?)  Cerambycidw :  (36)  Clytus  mysticus,  L.,  Lb.  ;  (37)  Grammoptera 

ruficornis,  E.,  ab.,  Lb.  ;  (h)  Chrysomelidce :  (38)  Clytbra  cyanea,  F.,  gnawing 

tbe  petals.    C.  Hymenoptera— Apidm :  (39)  Andrena  Scbrankella,  Nyl.<£,  s.  ; 

(40)  A.  belvola,  L.  ?,  s.  ;  (41)  A.  fulvicrus,  K.  ?  rf,  s.  ;  (42)  A.  nitida,  K. 

?      very  frecp,  s.  and  c.p.  ;  (43)  A.  varians,  Eossi,  ?  ;  (44)  A.  Trimmerana, 

K.  ?  $  ■  (45)  A.  atriceps,  K.  ?  <J  ;  (46)  A.  Gwynana,  K.  $  ;  (47)  A.  fulva,  K.  ?  • 

(48)  A.  albicans,  K.  ?  <J,  very  ab.  ;  (49)  A.  dorsata,  K.  $  ;  (50)  A.  cbryso- 

sceles,  K.  ?;  (51)  A.  parvula,  F.  ?;  (52)  A.  connectens,  K.  ?,  tbe  last  ten 

both  s.  and  c.p.  ;  (53)  Halictus  cylindricus,  K.  ?,  s.  ;  (54)  Nomada  ruficornis, 

7  °  °  \tj         K  8,gnata>  Jur.  ?  ;  (56)  Eucera  longicornis,  L.  * ,  s  •  (57) 
Apis  mellifica,  L.  $ ,  s.  and  c.p.,  ab. 

154.  Cotoneaster  vulgaris,  Lindl.— This  plant  in  the  Alps 
often  grows  on  the  same  rocks  to  which  a  wasp  (Polities  gallica) 


Fig.  78.— Cotoneaster  vulgaris,  Lind  . 

A.-Flower,  in  slightly  oblique  side  view. 

*>•— Ditto,  from  above. 

C— Ditto,  in  longitudinal  section. 

",  nectary,   (x  7. ) 

(From  Roscgthal.'pontresina,  June  IS,  1870.) 

has  attached  its  stalked,  open  nest.    The  hemispherical  calyx  of 

in to t ho  fl  ly  n  above-mentioned  wasp,  whose  head  just  fits 
into  the  flower.  Cross-fertilisation  is  insured  by  proteijyny  •  in 
absence  of  insects,  self-fertilisation  occurs  (609).       °tei°byDy'  m 
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Amelanchier  vulgaris,  Moench.  (Amnio,  rotundifolia,  Pers.). — 
This  plant  is  imperfectly  proterandrous.  Of  the  three  whorls  of 
stamens,  the  outermost  dehisce,  while  the  others  are  still  bent  in- 
wards and  shelter  the  immature  stigmas.  The  inner  anthers  and 
the  stigmas  are  ripe  together  (609). 


REVIEW  OF  THE  ROSACEA. 


In  all  honey-yielding  Rosacea?  the  honey  is  secreted  and 
carried  by  an  annular  region  (dish)  of  the  inner  wall  of  the  re- 
ceptacular  tube,  sometimes  closely  surrounding  the  pistil,  some- 
times shifted  farther  outwards  :  this  ridge  shows  all  transitions 
between  abundant  and  evident  drops  of  honey,  a  thin  sweet 
layer  invisible  to  us  but  eagerly  licked  by  insects,  and,  lastly, 
absolute  barrenness. 

The  abundance  of  insect-visits  depends  here,  as  elsewhere,  on 
the  conspicuousness  of  the  flowers  and  the  amount  of  spoil  they 
furnish ;  and,  similarly,  the  variety  of  insects  which  frequent  the 
flowers  depends  on  the  accessibility  of  the  spoil.    For  instance, 
the  small,  yellow,  honey] ess  flowers  of  Agrimonia  Uupatoria  are 
sparingly  visited  by  a  few  pollen-feeding  Syrphidce  and  pollen- 
collecting  bees ;  while  the  equally  honeyless  roses  attract  a  very 
numerous  company  of  insects,  which  come  for  the  sake  of  the 
pollen  and  the  delicate  tissues  of  the  flower.    The  effects  of 
conspicuousness  are  well  illustrated  by  the  Raspberry  and  the 
Blackberry.    The  effect  of  diminished  accessibility  of  the  honey 
in  restricting  the  variety  of  insect-visitors  is  shown  in  the  case 
of  Geum  rivale;  the  flowers  of  which  remain  half-closed,  and, 
though  yielding  abundant  honey,  are  only  visited  by  specially 
long-tongued  bees  and  flies  [Bombus  and  Rhingia):  the  Rasp- 
berry and  Blackberry  may  be  contrasted  to  illustrate  this  point 

alS°in  Rosacea?  whose  honey  lies  concealed  and  which  are  fertilised 
by  a  motley  crowd  of  short-lipped  insects,  the  flowers  are  for  the 
most  part  greenish-yellow,  yellow,  or  white  in  colour;  in  Comaruvi 
valustre  Potentilla  atrosanguinea,  and  Sanguisorba  officinalis  they  are 
dark-red  or  purple,  probably  owing  to  the  influence  of  carrion- 
feeding  flies. 

In  Rosacea?  whose  honey  lies  more  deeply  placed,  which  are 
mainly  fertilised  by  long-tongued  bees,  we  find  in  part  red  colours 
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(Amygdalus  Persica,  Cydonia  japonica).  In  this  relation  the 
genus  Geum  is  interesting ;  for  that  species  which  is  fertilised  by 
bees  (G.  rivale)  exhibits  a  red  colour  in  which  the  influence  of  the 
primitive  yellow  is  still  evident. 

Rosacea?  visited  for  the  sake  of  their  pollen  have  white  flowers 
when  their  chief  visitors  are  small,  short-lipped  insects  (Spircea 
Ulmaria,  S.  Aruncus) ;  but  show  a  tendency  to  red  when  frequented 
mainly  by  bees  or  Syrphidas  (Rosa).  In  the  whole  order  of  Rosacea? 
no  species  seems  to  have  acquired  a  violet  or  blue  flower,  nor  to  have 
become  adapted  exclusively  for  fertilisation  by  Lepidoptera. 


Ord.  SAXIFRAGAGEJS. 
Tribe  Saxifragece. 


Dr.  A.  Eugler1  has  investigated  thirty-eight  species  of  Saxifraga 
and  found  them  to  be  all  proterandrous  with  movement  of  the 
stamens  singly  in  succession  towards  the  middle  of  the  flower. 
On  the  other  hand,  he  found  Bergenia  {Saxifraga  crassifolia,  L.)' 
Mitella,  L.,  Eeuchera,  L.,  and  Drummondia,  DC.  (=  Mitella  pent- 
andra,  Hook.)  to  be  proterogynous  without  movement  of  the 
stamens  (221).    On  species  of  Saxifraga  flowering  in  the  open  air 
he  observed  beetles  (ffalfaa,  small  Staphylinece) ,  flies,  and  especially 
bees.    He  doubts  Sprengel's  interpretation  of  the  so-called  honey- 
guides  (Saftmal),  for  though  present  in  some  Saxifrages  they 
are  absent  in  others.     In  plants  whose  honey  varies  "between 
fully  exposed  and  hidden  situations,  such  a  fluctuation  of  the 
?heoryg         '  "  ^  ^  stvenSthe™  Sprengel's 

In  my  Alpenhlumen  I  have  tried  to  prove  that  those  species  of 
S^fraga  which  have  dotted  petals  show  all  transitions  from  mere 
-t^r^to  ornamentation  which 

L,  «  iffi^^  «  *  ^        *  «^ 

[Saxifraga  sarmentosa,  L.  fil,  has  asymmetrical  flowers  (Todd, 

and%tee~:nA17n  *  1  W 

peculiarity  tha Sh°W'  m°re  or  less  distinctly,  the 
P  culianty  that  the  anthers  npen  one  after  another;  at  the  same 

1  Gating  Saxifraga,"  p.  26.    Breslau,  1872. 
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time  they  bend  in  towards  the  centre  of  the  flower,  but  after 
dehiscing  they  again  move  outwards.  This  peculiarity  was  known 
to  Treviranus,  but  was  explained  by  him  as  aiding  self-fertilisation 
(742).  On  the  contrary  it  aids  cross-fertilisation,  by  causing  the 
insect-visitors  to  come  in  contact  with  the  pollen-dusted  anthers. 

In  most  of  the  species  of  Saxifraga  which  I  have  investigated 
(8.  rotundifolia,  L.,  8.  stellaris,  L.,  8.  aspera,  DC.,  8.  bryoides, 
L.  =  S.  aspera,  var.  (3,  8.  alzoUes,  L.,  8.  Aizoon,  Jacq.,  8.  ccesia,  L., 


Fl0  1$.— Saxifraga.  Seguieri,  Spreng. 

A  -Flower,  in  first  (female)  stage,  seen  obliquely  from  above.  The  stigmas  are  mature.  Anthers, 
petals,  and  sepals  are  still  far  from  their  fu   size  s  are  sm.iveUed  at  the  tip/ 

y  B.-Flower,  at  commencement  f  ,s.ec°ndJX  the  tewins  was  being  made.) 
the  anthers  are  all  still  closed.,  {a'  dehisced  whflette  d     »le)  st        The  five  outer 

C.-Flower,  at  the  ^^^^a1  Iwb  dehisced,  and  «»  is  in  the  act  of  dehiscing, 
anthers  are  already  empty;  of  the  hie  inner,  a 

T\B!^Tml^^TV^^  inner  anthers  three  are  still  covered  with  pollen,  one  is 
StUK-Section  of  flower  in  second  stage,    (x  7.) 

S  exarata  Vill,  8.  stenopetala,  Gaud.),  the  stigma  only  ripens  after 
fhe  aXers  have  withered.  Engler  thought  that  th,  wa^he  case 
in  all  the  species,  but  8  oppositifoha,  L,  and  also  S.  trxdadyhtcs, 
r^owJd  species,  are  only  feebly  F«*^^  <^ 
localities  and  in  others  are  feebly  proterogynous ;  and  three  speaes 
Rosacea,  L,  8.  muscoides,  Wulf  and  8. 
found  to  be  everywhere  distinc^^  first  of 
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usually  larger  and  more  conspicuous  than  the  female,  so  in  the 
three  distinctly  proterogynous  species  of  Saxifraga,  the  flowers 
while  in  their  male  stage  are  more  than  twice  as  large  as  they  were 
at  first  while  in  their  female  stage.  As  Sprengel  supposed,  it  is 
probable  that  many  insects  are  thus  induced  to  visit  the  male 
flowers  first,  and  then,  having  dusted  themselves  with  pollen,  to 
proceed  to  the  female  flowers  and  fertilise  them.  The  annexed 
figure  may  serve  to  show  this  distinction  between  the  flowers  in 
their  male  and  female  stages. 

The  honey  is  quite  visible  in  the  above-named  species  of 
Saxifraga,  except  S.  oppositifolia.  Very  various  short-lipped 
insects,  but  especially  flies,  serve  therefore  as  fertilising  agents. 
To  the  selective  influence  of  flies,  therefore,  the  development  of 
the  ordinary  colours — white,  dull-yellow,  white  with  yellow  or  purple 
spots — must  be  mainly  ascribed.  In  particular,  the  prettily  dotted 
petals  of  S.  rotundifolia  and  S.  umhrosa,  L.,  seem  to  be  due  to  the 
influence  of  certain  elegant  and  prettily  coloured  Syrphidce  by  which 
they  are  especially  visited  and  cross-fertilised  (S.  rotundifolia  by 
Sphcgina  clunipes  and  Pelecocera  sccevoides ;  S.  umhrosa  by  Ascia 
piodagrica). 

Saxifraga  a'izoides,  L.,  with  its  large  golden  flowers  dotted  with 
orange,  is  the  most  conspicuous  form,  and  attracts  most  insect-visitors. 
I  have  found  it  to  be  visited  by  126  species  of  insects  (Coleoptera, 
8  ;  Diptera,  85  ;  Hymenoptera,  20  ;  Lepidoptera,  13).  (609.) 

The  honey  is  most  deeply  placed  in  S.  oppositifolia  ;  the  flowers 
of  this  species  are  diligently  and  persistently  visited  by  butter- 
flies and  are  arrayed  in  carmine  or  purple,  the  favourite  colour 
of  most  of  these  insects.1 

155.  Chrysosplenium  alternifolium,  L.— The  flowers  have" 
a  great  superficial  likeness  to  the  apical  flowers  of  Adoxa,  and 
are  visited  by  a  very  similar  set  of  tiny  insects. 

From  the  middle  of  the  flower  the  two  styles  stretch,  diverging 
and  bending  outwards  slightly,  capped  at  the  apex  by  the  smooth, 
capitate  stigmas,  and  surrounded  at  the  base  by  a  broad,  fleshy, 
yellowish  disk,  secreting  numerous  minute  drops  of  honey.  At 
the  edge  of  this  disk  the  calyx,  which  coalesces  below  with  the 
ovary,  expands  horizontally  into  four  broad  rounded  sepals,  bright 
yellow,  and  slightly  recurved.  There  is  no  trace  of  petals.  Be- 
tween each  pair  of  sepals,  and  also  facing  each  one,  there  stands  on 
the  edge  of  the  disk  a  stamen,  erect,  and  reaching  as  high  as  the 

1  609,  Figs.  26-38  ;  in  connection  with  S.  umhrosa,  sec  604. 
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styles.  First  the  four  outer  ones,  which  stand  opposite  the  sepals, 
ripen  one  after  the  other,  and  then  the  other  four.  All  the  stamens 
dehisce  on  both  sides,  and  flap  open  so  widely  that  they  are  covered 
almost  all  round  and  also  above  with  pollen.  The  stigmas  are 
susceptible  of  fertilisation  during  the  whole  time  of  flowering.  A 
number  of  such  flowers,  from  five  to  upwards  of  a  dozen,  are  closely 
packed  in  an  almost  level  cyme,  and,  together  with  the  broad  green 
bracts  that  lie  nearly  in  the  same  plane,  form  a  conspicuous  expanse 
with  a  golden-yellow  centre. 

Numerous  minute  insects  of  different  orders  are  attracted. 
Most  of  them  touch  a  stigma  with  one  part  of  their  body,  and  with 
another  one  or  more  of  the  anthers ;  and  so  cross-fertilisation  is 
promoted.  But  self- fertilisation  is  not  unfrequently  induced  by  the 
tiny  guests  that  creep  irregularly  about  the  flower.  In  default  of 
insect-visits,  self-fertilisation  can  only  take  place  in  a  perpendicu- 
lar or  nearly  perpendicular  position  of  the  flowers;  for  only  then 
•  can  pollen  fall  upon  the  stigmas.  On  April  13,  1872,  I  collected 
forty-six  insects  upon  flowers  growing  in  the  shade. 

A.  Diptera—  (a)  Musculm:  (1)  Five  specimens  of  Sciomyza  cinerella, 
Fallen  ;  (b)  Simuliche :  (2)  Simulia  sp.,  three  specimens  ;  (c)  Cecidomyidm  : 
(3)  Six  specimens  ;  {d)  MycetophilidcB :  (4)  Five  specimens  ;  (e)  Chironomidm  : 
(5)  Three  specimens,  besides  minute  species.  B.  Hymenoptera— (a)  Formi- 
cidce :  (6)  Lasius  niger,  L.  $ ,  eight  specimens ;  (7)  Myrmica  ruginodis, 
N.  $  (f),  two  specimens  ;  (8)  M.  Isevinodis,  N.  $ ,  three  specimens ;  (b) 
Cynipidcc  :  (9)  Eucoila,  Westw.  (Cothonaspis,  Hart.),  one  specimen.  C.  Cole- 
optera— (a)  Phalacridce :  (10)  Olibrus  seneus,  F.  one  specimen  ;  (b)  Latkridii  : 
(11)  Corticaria  gibbosa,  Hbst.,  two  specimens;  (c)  Ourculionidm :  (12)  Apion 
varipes,  Germ.,  four  specimens  ;  (13)  A.  onopordi,  K.,  three  specimens  ;  all  the 
visitors  were  licking  honey. 

Also,  I  found  small  snails  (young  Succinece)  upon  many  flowers, 
either  creeping  about,  or  devouring  the  stigmas  or  anthers.  In  the 
slimy  matter  left  upon  the  flowers,  pollen-grains  could  as  a  rule  be 
recognised  :  in  several  cases  I  could  distinctly  see  that  pollen  was 
placed  upon  a  stigma  by  help  of  the  snails. 

Now  if,  under  some  changed  conditions,  insect-visits  altogether 
failed,  it  would  obviously  be  of  advantage  to  the  plant  to  have 
cross-fertilisation  promoted  by  the  snails,  at  least  on  the  supposition 
that  by  new  modifications  the  ravages  of  the  snails  should  be 
obviated.  This  example  may  explain  the  origin  of  such  a  floral 
arrangement  as  Delpino  observed  in  Alocasia  odora  and  Ehodea 
japonica.  And  so  the  doubt  which  I  formerly  published  concerning 
the  truth  of  Delpino's  theory  is  now  removed. 
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Chrysosplenium  oppositifolium,  L.,  is  proterogynous  with  per- 
sistent stigmas  (78). 

156.  Bergenia  (Saxifraga)  crassifolia,  L. — I  saw  (April  4, 
1868)  hive-bees  and  Bombus  hortorum,  L.  ?,  greedily  sucking 
honey  on  this  plant,  and  found  pollen  on  the  stigmas  of  several 
flowers  whose  anthers  were  not  yet  open. 

157.  Parnassia  palustris,  L. — Sprengel  described  very  fully 
the  structure  of  this  plant,  but  remained  in  doubt  not  only  as  to 


Fig.  80.—  Parnassia  palustris,  L. 


nn»n;7F  nWCT' Z^"  'T™  al-'ove'  after  removal  °f  three  sepals  and  four  petals.    The  flower  had  lust 

cov^3^^^  P0Uen:  the  flrthlies, 

B^SS  an)L"SdU  the  8ec°nd  (female)  conditioa-  ^~c>  x  «M 

its  fertilisers,  but  even  whether  it  was  diurnal  or  nocturnal 
Hddebrand  has  observed  EelopHlus  fiorens,  L,  upon  its  flowers 

Ihe  anthers  before  maturity  lie  close  upon  the  conical  ovary 
which  rises  up  in  the  middle  of  the  flower  and  overtops  them  ■ 
they  ripen  slowly  one  after  the  other,  each  in  turn  elongate  till 
it  brings  its  anther  immediately  over  the  end  of  the  pistil  and 
hen  dehiscing  on  the  upper  surface.   It  afterwards  bends  outwards 

dl-rrei  I  an°ther'  fimlly'  When  a]1  the  anthers  have 
dehisced  and  moved  away,  the  stigma  becomes  developed 

^^nml^aTieS  StaDd  immediately  opposite  to  the  petals, 

pedunc  Y  /  6  STenS-  Each  C°nsists  0f  a  ahart/broad 
peduncle,  broadening  above  into  a  fleshy  disk,  which  secretes 
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honey  in  two  shallow  depressions  on-  its  inner  side,  leaving  it 
fully  exposed.  Above  it  gives  off  seven  to  eighteen  yellow,  knobbed, 
glandular  bodies,  which  surround  the  upper  portion  of  the  ovary 
and  are  probably  of  service  in  making  the  nectaries  more  obvious 
to  flies  which  alight  in  the  middle  of  the  flower. 

These  yellow  knobs  placed  at  the  ends  of  the  hairs  look  so 
exceedingly  like  drops  of  fluid  that  it  needs  special  examination 
to  convince  one  that  they  are  perfectly  dry.  An  observation  of 
my  son  Hermann's  proves  that  even  flies  are  deceived  by  this 
appearance  ;  he  observed  from  a  very  short  distance  a  specimen 
of  Uristalis  nemorum  trying  to  lick  these  bodies  for  a  long  time, 
until  at  last  it  flew  away  on  his  coming  closer. 

We  have  thus  in  Pamassia  palustris  a  very  well-marked 
example  of  a  deceptive  flower,  which  deludes  the  foolish  flies  by 
displaying  a  multitude  of  conspicuous  but  sham  drops  of  honey ; 
and  which,  after  thus  alluring  them,  affords  them  indeed  some 
easily  accessible  honey,  which  repays  their  trouble  but  is  quite 
incommensurate  with  the  apparently  bountiful  display.  The 
smaller  flies  generally  travel  round  the  flower,  to  reach  all  the 
nectaries  ;  the  larger  ones  rest  in  the  middle  of  the  flower  for  this 
purpose,  and  so  dust  their  under  sides  with  pollen  in  younger 
flowers  and  accomplish  cross-fertilisation  on  passing  to  older  ones. 

Visitors  :  A.  Diptera— (a)  Syrphhlw  :  (1)  Eristalis  nemorum,  L.,  s.  ab.  ; 
(2)  E.  arbustorum,  L.,  s.  ab.  ;  (3)  Helopbilus  floreus,  L.,  s.  ab.  ;  (4)  Syrphns 
ribesii,  L.,  s.  ab.  ;  (5)  S.  balteatus,  Deg.,  very  ab.,  s.,jj  sometimes  f.p.  :  (6)  S. 
pyrastri,  L.  ab.  s.  ;  (7)  S.  excisus,  Zett,  s.  ;  (8)  Melanostoma  mellina,  L.,  s.  ; 
(9)  Melitbreptus  scriptus,  L.,  s.  ;  (10)  M.  mentbastri,  L.,  s.  ;  (11)  M.  tamiatus, 
Mgn.,  s.  ;  (12)  Syritta  pipiens,  L.,  ab.  s.  ;  (6)  Musculo, :  (13)  Sarcophaga 
carnaria,  L.,  s.  ;  (14)  Pollenia  vespillo,  F.,  s.  ;  (c)  Tiptdidcc :  (15)  Tipula 
oleracea,  L.  B.  Hymenoptera—  (a)  Tenthredmtdce :  (16)  Tentbredo  sp.,  s.  ; 
(6)  Ichneumonidce  :  (17)  Many  small  species,  s.  ;  (c)  Sphegidce :  (18)  Pompilus 
viaticus,  L.  ;  (19)  Gorytes  campestris,  L.  C.  Coleoptera-(20)  Coccmella 
7-punctata,  L.  ;  (21)  C.  14-punctata,  L.,  botb  very  ab.,  Lb..  A  list  of  Alpine 
visitors  (including  43  Diptera)  is  given  in  No.  609. 

Tribe  Hydrangeas. 
Philadelphia  coronarius,  L.,  is  proterogynous.  When  the  flower 
opens  the  stigmas  are  already  ripe,  but  the  stamens  still  immature. 
In  weather  favourable  for  insect-visits,  it  is  easy  to  find  flowers 
whose  anthers  are  still  closed  but  whose  stigmas  are  sprinkled 
with  pollen.  The  numerous  anthers  stand,  both  before  and  after 
dehiscence,  close  round  the  stigma,  some  on  a  level  with  it,  some 
higher  some  lower ;  the  outermost  dehisce  first,  the  innermost 
last-  all  cover  themselves  all  round  with  pollen.  Honey  is  secreted 


PABT  III.] 


THE  MECHANISMS  OF  ELOWERS. 


249 


by  a  white,  fleshy  disk  on  the  upper  surface  of  the  ovary.  Insect- 
visitors,  collecting  or  feeding  on  pollen  or  thrusting  their  heads 
down  between  the  stamens  towards  the  honey,  can  thus  lead  to 
cross-fertilisation  only  in  young  flowers,  but  in  old  ones  cross- 
fertilisation  and  self-fertilisation  are  alike  possible.  In  absence  of 
insects,  self-fertilisation  may  easily  take  place,  for  the  stigmas 
stand  partly  in  the  line  of  fall  of  the  pollen.  But  the  honey,  only 
hidden  by  the  stamens,  is  accessible  to  so  many  insects,  and  the 
white  colour  and  strong  scent  are  such  powerful  attractions,  that  in 
fine  weather  insect-visits  can  seldom  fail. 


Tribe  Ribesiece. 

158.  Ribes  alpinum,  L.— This  species  presents  its  honey  in  a 
shallower  depression  than  any  of  our  other  species  of  Ribes,  so 


a  -ft 


Fig.  81. — Bibes  alpinum,  L. 

1.  — Female  flower,  from  above. 

2.  — Ditto,  in  section. 

3.  — Male  flower,  in  section. 

a',  rudimentary  anthers  ;  at',  rudimentary  stigma ;  n,  nectary. 

that  it  is  easily  accessible  to  very  various  insects,  and  is  con- 
sequently visited  by  the  most  manifold  forms.  Although  I  onlv 
had  an  opportunity  of  watching  a  few  plants  in  a  hedae  I  saw 
upon  their  flowers  the  following  •  to  ' 

l  A-.9^n°Ptera-^  ••  (1)  Andrena  albicans,  K.  $  6,  8.  and  f  p  very 

Schick  2  s^Th  rV  (3i  \rna'K-  s- ;  w  ata  SS 

bohenck  ?  s.  (5)  H.  nitidiusculus,  K.  ?)C.p.;  (6)  Sphecodes  gibbus  L 
?,  s.  B^Diptera-(a)  Muscidce:  (7)  Scatophaga  stercoral  L  ■  (R)  q 
merdana.F.;  (6)  SyrPlucke  :  (9)  Syritta  pipiens,  1,  all  three  1, \  '  ®  * 

Upon  this  abundance  of  insect-visits,  which  insures  cross- 
ertihsation  depends  the  dioecism,  evolved  from  a  preX  s 
hermaphroditism  and  still  showing  traces  thereof,  which  wo  i  d 

I  oHcIJ  T  "  °f  iusect-^s.    The  male  flow 

are  of  scarcely  larger  size,  but  their  greenish-yellow  colour  is 
--  conspicuous  than  the  green  female  flowed  The  calyx 
almost  alone  plays  the  part  of  signal  to  the  insect  " 
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159.  ElBES  NIGRUM,  L. — The  stigrtia  and  anthers  are  both 
alike  ripe  at  the  opening  of  the  flowers.    The  anthers  open  on  the 
inner  side,  and  are  brought  so  close  to  the  stigma  by  the  conver- 
gence of  the  petals  that  an  insect's  head,  when  pushed  into  the 
Sower,  must  touch  with  one  side  the  pollen-dusted  face  of  one  or 
two  anthers,  and  with  the  other,  at  the  same  time 
or  a  little  before,  the  slightly  protruding  stigma. 
Since  the  bell-shaped  calyx,  whose  floor  secretes 
honey,  is  5  mm.  deep,  and  the  red  tips  of  the 
sepals' and  the  small  white  petals  make  the  pendu- 
lous flowers  only  slightly  conspicuous,  insect-visits 
are  not  plentiful:  I  have  only  seen  the  honey- 
bee sucking  at  this  species.    It  put  its  head  only 
l.  once  into  each  flower,  and  touched  the  stigma  now 

Lateral  view  of  flower.  ^   ^  ^  ^  Qn  ^  lower,  sweeping 

away  pollen  each  time  on  the  opposite  side  and  so  regularly  ac- 
complishing cross-fertilisation.    As  compensation  for  the  paucity  of 
insect-visits,  self-fertilisation  takes  place  regularly  in  unvisitec 
flowers,  pollen  falling  of  itself  out  of  the  anthers  upon  the  recurved 
margin  of  the  stigma. 

160  Ribes  bubbum,  L.,  is  likewise  homogamic,  but  has  much 
flatter/more  widely  open,  and  more  conspicuous  flowers 
72  niarum  and  more  easily  accessible  honey.  So  it  is  more 
fbuXX'  visited  by  insects,  and  is  cross-fertilised  after  the  same 
manner  1b  nigral  but  is  self-fertilised  less  easily;  the  flowers 
r  urned  sideways,  and  self-fertilisation  only  takes ^  when 
pollen  falls  upon  the  stigma  from  the  anthers  above  it.  I  have 
seen  the  following  insects  upon  the  flowers  :— 

'l61    Ribes   Geossulaeia,   L.-The  anthers  dehisce  when 
101.  t  attamed  their  full 

fl^  m  sttXng  down  perpendicularly  and  the  stamens  stand 
flowers  mostly  nang  u       y  i  self-fertilisation  can  as  a 

Tnd,tTate°Xce  Ve  elt'  e  anS  insect.isits.  This,  like  the 
rule  not  ta ke  p  ace, aven  insect.„isits  than  the  former 

proterandry,  pomts  to  ™«  ™  MnceA  by  the  large 

and  the  easily  accessible  honey. 


part  nr.]        THE  MECHANISMS  OF  FLOWERS. 


251 


Visitors:  A.  Hyruenoptera — Apidce :  (1)  Bombus  terrestris,  L.  $,freq.  ; 
(2)  B.  pratorum,  L.  ?  (in  Stromberg),  very  ab.  ;  (3)  B.  Scrimshiranus,  K.  ?  ; 
(4)  Apis  mellifica,  L.  ,  very  ab.  ;  (5)  Andrena  nitida,  K.  £ ,  all  sucking  ; 
(6)  A.  albicans,  K.  <J  ?  ;  (7)  A.  Gwynana,  K.  £  ?  ;  (8)  A.  fulva,  Schrankj 
9,  the  last  three  both  s.  and  f.p. ;  (9)  Halictus  rubicundus,  Chr.  J,  s.  B. 
Diptera — (a)  Muscidce :  (10)  Scatophaga  stercoraria,  L.,  s.  ;  (11)  Calliphora 
erythrocephala,  Mgn.,  s.  ;  (b)  SyrpHdm:  (12)  Eristalis  seneus,  L.,  s.  and  f.p.  ; 
(13)  Syritta  pipiens,  L.,  do.  The  insect- visitors  cause  cross-fertilisation  in  the 
same  way  as  in  B.  nigrum.    See  also  No.  590,  1. 

Riles  sanr/uineum,  Pursh. — The  calyx-tube  is  3  mm.  deep  ;  the 
erect  petals  form  a  tube  more  than  5  mm.  deep.  As  a  rule,  there- 
fore, the  honey  is  obtained  and  the  flowers  fertilised  by  bees  only, 
especially  the  hive-bee. 

Ribes  aureum,  Pursh. — The  calyx-tube  is  10  to  11  mm.  deep, 
and  the  erect  petals  add  3  mm.  more  to  its  depth.    The  honey  is 
only  accessible  to  very  long-tongued  bees,  and  the  flowers  have  been 
found  by  Delpino  in  Italy  and  by  me  in  Lippstadt  to  be  visited 
only  by  Anthophora  pilipes,  ?,  whose  proboscis  is  the  longest  among 
our  native  bees  (20  mm.).    In  the  two  last  species  the  flowers 
persist  a  long  time  after  the  reproductive  organs  are  withered,  and 
even  become  more  conspicuous,  since  the  petals  in  R.  sanguineum 
change  from  white  to  pink,  and  those  of  R.  aureum  from  bright 
yellow  to  carmine.    By  this  peculiarity,  not  only  is  the  power  of 
attracting  insects  increased,  but  the  more  intelligent  fertilising 
agents  are  told  at  the  first  glance  which  flowers  contain  no  more 
treasure  for  them,  the  result  being  that  they  visit  and  fertilise  more 
flowers  m  the  same  time  (590,  I.).  The  same  kind  of  colour-change 
occurs  m  several  species  of  Fuchsia  and  Lantana,  in  Diervilla 
{Weigeha)  rosea,  Melampyrum  pratense,  L.,  Fumaria  capreolata,  var. 
palluliflora,  Jord.,  and  others  (575). 

Ribes  petrceum,  Wulf,  is,  according  to  Eicca,  slightly  pro- 
terogynous  (665);  according  to  my  own  observations  it  is 
nomogamic  (609). 


Ord.  CRASSULACEJS. 
fr^yf™  calycmum  Salisb.,  is  proterandrous,  and  has  hang- 

tot  tW  !°rrS'  Th  m  h°ney-  DdPin0  SUPP°ses  humming-birds 
to  be  the  fertilisers,  despite  the  pale  greenish  colour  (177). 

rendolp/r1™  ^-Although  the  plant  is  small,  it  is 

rendered  conspcuous  on  the  bare  spots  where  it  grows  by  its 
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bright  yellow  flowers,  and  dense  tufted  habit.  The  flowers  secrete 
honey  from  five  yellowish  scales  at  the  base  of  the  flower,  lying 
between  the  anthers  and  carpels.  The  honey  is  accessible  to 
insects  with  very  short  tongues,  and  the  flowers  are  visited  by 
numerous  species  of  different  orders.  Cross-fertilisation  for  the 
most  part  takes  place.  For  when  the  flowers  open,  and  their 
petals  spread  fully  out  into  a  five-rayed  star,  the  five  stamens 
which  alternate  with  the  petals  and  which  stand  erect  round  the 
middle  of  the  flower  now  dehisce  ;  while  the  five  others  which  are 
inclined  outwards  with  the  petals  remain  closed  :  the  stigmas  are 
still  quite  immature.  As  the  first  five  stamens  wither,  the  others 
rise  up  towards  the  centre  and  open ;  very  soon,  even  before  this 


Fig.  83. — Sedum  acre,  L. 
1  -Flower  in  first  stage.    »,  sepals  •  p,  petals  ;  a1,  outer  anthers,  alternating  with  the  petals  ; 
o2  inner  anthers,  opposite  the  petals  ;  n,  nectaries;  ov,  ovaries. 
'  2  — Anex  of  a  style,  in  first  stage. 
Si-Ditto,  in  second  stage,  after  all  the  anthers  have  dehisced. 

second  ring  of  stamens  withers,  the  stigmas  ripen.  By  sufficient 
insect-visits,  which  in  sunny  weather  never  fail,  the  pollen  is 
wholly,  or  in  great  part,  removed  before  the  stigmas  are  capable 
of  being  fertilised.  If,  however,  in  dull,  windy  weather,  insect- 
visits  are  lacking,  the  anthers  remain  stored  with  pollen  until  the 
full  ripening  of  the  stigmas,  and  self-fertilisation  becomes  possible. 
Since  the  flowers  are  small  compared  with  the  insects,  the  latter 
touch  both  stamens  and  stigmas  whether  they  alight  in  the  centre 
of  the  flower  or  creep  inwards  from  the  edge. 

Visitors  •  A  Hymenoptera-(a)  Apidas :  (1)  Bombus  Eajellus,  K.J?  ;  (2) 
CihlrtrTcincta,  E.  ?  ;  (3)  Andrcna  cingulata,  K.  ?  ;  (4)  A.  parvula,  *  9  *, 


part  in. J        THE  MECHANISMS  OP  FLOWERS.  253 


ak  ;  (5)  Spliecodes  gibbus,  L.  ?,freq.  ;  (6)  Noinada  ferruginata,  K.  ?;  (7; 
Prosopis  armillata,  Nyl.  ?,  ak  ;  (8)  Pr.  variegata,  F.  g ;  (9)  Pr.  brevicornis, 
Nyl.<J ;  (10)  Megacliile  circumcincta,  K.  ?,  all  sucking  ;  (11)  M.  centuncularis, 
L.  $,  c.p.  ;  (b)  Sphegidce:  (12)  Ainmopliila  sabnlosa,  L.  ;  (13)  Oxybelns 
lunglumis,  L.,  ak,  both  sucking.  B.  Diptera— («)  SyrpMdce:  (14)  Eristalis 
fcenax,  L.,  f.p.  ;  (b)  Musckhe  :  (15)  Pyrellia  cenea,  Zett.,  & 

163.  Sedum  reflexum,  L.,  with  a  similar  arrangement  of  its 
flowers,  is  in  like  manner  visited  by  insects  of  various  orders. 

I  saw  upon  its  flowers  :  (1)  Megacliile  maritima,  K.  £  {Apidcu),  sucking  ; 
(■2)  Eristalis  tenax,  L.  (Syrphidai),  both  sucking  and  eating  pollen.  A  further 
list  is  given  in  No.  590,  1. 

Seditm  album,  L. — This  species  is  so  decidedly  proterandrous, 
that  spontaneous  self-fertilisation  as  a  rule  can  scarcely  result  even 
in  default  of  insect-visits.  I  have  found  the  plant  visited  abun- 
dantly by  insects,  both  on  the  granite  of  Luisenberg  in  the  Fichtel- 
gebirge  (590,  I.)  and  in  the  subalpine  region  of  the  Alps  (690). 

164.  Sedum  Telephium,  L. — The  stamens  dehisce  introrsely, 
first  the  five  alternating  with  the  petals,  and  then  the  inner  series, 
and  at  once  cover  themselves  all  round  with  pollen.    The  stigmatic 


Fig.  84.— Sedum  Telephium,  L. 

1.  — Flower,  from  above. 

2.  — Ditto,  after  removal  of  the  pistil,  to  show  the  five  nectaries. 

papilla  develop  upon  the  pointed  ends  of  the  styles,  after  the  Inst 
stamens  have  withered.  Since  the  petals  and  stamens  are  spread 
out  as  widely  as  the  adjacent  flowers  permit,  self-fertilisation  does 
not  take  place  in  default  of  insect-visits,  even  when  the  anthers 
are  still  stored  with  pollen  at  the  ripening  of  the  stigmas. 

Ine  honey-glands  are  at  the  points  of  long  scales  hidden  under 
the  ovaries,  at  the  bases  of  the  petals.    Insects  which  creep  over 
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the  closely  packed  flowers,  to  suck  honey  or  gather  pollen,  come  at 
once  in  contact  with  the  stamens  or  stigmas  of  many  flowers,  and, 
as  a  rule  accomplish  cross-fertilisation  by  help  of  the  proterandrous 
condition  :  old  flowers  alone,  which  retain  some  pollen  upon  their 
stamens  when  the  stigmas  are  ripe,  are  liable  to  self-fertilisation. 

In  spite  of  the  smaller  flowers  and  more  hidden  honey,  this 
species  can  dispense  with  the  possibility  of  self-fertilisation,  since 
the  close  association  of  many  flowers  insures  insect-visits  and  con- 
sequent distribution  of  pollen  more  completely  than  is  the  case 
in  Sedum  acre.  Although  I  only  once  watched  the  flowers  of 
Sedum  Telephium  (August  16,  1869)  in  sunny  weather  I  saw  the 
following  insects  visit  it : — 

A.  Hynienoptera— («)  Apidce :  (1)  Bombus  (Apatbus)  campestris,  Pz.  $  ; 
(2)  B.  silvarum,  L.  ?  ? ,  freq.  ;  (3)  B.  agrorum,  F.  $,  tbese  tbree  sucking  ; 
(4)  B.  lapidarius,  L.  $ ,  c.p.  ;  (5)  Halictus  zonulas,  Sm.  ? ,  s.  ;  (b)  Tenthre- 
diuidce:  (6)  Allantus  notba,  Kl.  (Tekl.  B.).  B.  Diptera-Mwsd^ :  (7) 
Ecbinomyia  magnicornis,  Zett.,  s. 

Sedum  atratum,  L.,  is,  according  to  Eicca,  proterogynous  with 
short-lived  stigmas  (665).  I  have  found  it,  however,  on  the 
Alps  to  be  likewise  proterogynous,  but  liable  to  regular  and  even 
early  spontaneous  self-fertilisation,  which  is  probably  indispensable, 
as  the  plant  is  but  little  visited  by  insects  (609). 

Sedum  repens,  Schleich.— This  species  also  is  proterogynous  on 
the  Alps,  and  in  the  absence  of  insects  it  likewise  fertilises  itself; 
but  its  flowers  are  rather  conspicuous  and  more  visited  by  insects, 
so  that  the  need  for  self-fertilisation  is  less  urgent  than  m  the 
case  of  S.  atratum  (609). 


THE  COLOUR  AND  SIZE  OF  THE  FLOWER  IN  CRASSULACE*. 

The  colour  of  the  flower  in  Crassulacese  depends  closely  upon 
the  adaptation  of  the  flower  to  a  narrow  or  wide  circle  of  visitors 
In  the  species  of  Sedum,  whose  honey  is  still  quite  visible  and 
accessible  to  the  most  short-lipped  insects,  the  flowers  are  greenish- 
re  low  yellow,  or  white ;  in  Sempervivum  Funlcn,  Braun  & 
^oZnl,  L,'s.  arae^eum  L.,  and 

bonev  lies  hidden,  and  which  I  have  seen  visited  on  the  Alps  by  a 
Slaneous  company  of  bees,  Lepidoptera,  and  long-tongued  flies, 
rniscellaneous       1    3         Sempervivum  Wulfenvi,  Hopp.,  whose 
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by  humble-bees,  are  sulphur-yellow,  and  only  remain  purple  at  the 
base.  I  say  only  remain  purple  at  the  base,  because  this  colouring 
is  now  useless,  and  seems  only  explicable  as  a  remnant  inherited 
from  purple-flowered  ancestors.  The  sulphur-yellow  colour  of 
Sempewivum  Wulfenii  seems  not  to  stand  on  the  same  rank  as  the 
yellow  colour  of  some  Sedums;  but  rather  to  have  been  developed 
from  a  purple  colour  by  the  selective  influence  of  humble-bees. 
In  connection  with  the  size  of  the  flower,  we  see  in  many 
Crassulacese  the  number  of  the  parts  increased  or  decreased  : 
increased  in  Sedum  from  5  to  7,  in  Sempervivum  arachnoideum 
to  9 — 11,  in  S.  montanum  to  9 — 12,  in  S.  Funkii  to  10 — 13,  in  8. 
tectorum  to  11 — 13,  in  S.  Wulfenii  to  13 — 16;  decreased  in 
Bulliarda,  DC,  to  4,  in  Tillma,  L.,  to  3  (609). 

Oed.  DROSERACEJE. 
Drosera,  L.,  occurs  with  cleistogamic  flowers  (169). 


Okd.  HALORAGEjE. 

Callitriche  verna,  L. — The  proterogynous  flowers  are  figured  by 
Axell  (17).  Axell  considers  them  to  be  anemophilous ;  Ludwig 
looks  upon  the  submerged  flowers  as  hydrophilous,  and  the  others 
as  entomophilous  (435). 

Myriophyllum  spicatum  is  anemophilous,  and  M.  verticillatum  is 
partly  anemophilous  and  partly  hydrophilous,  according  to  Ludwio- 
(435)-  & 

Oed.  COMBRETACEjE. 

C'ombretum,  L.,  is  very  diligently  visited  by  humming-birds  in 
South  Brazil  (Fritz  Miiller,  359).  My  brother  informs  me  by  letter 
that  it  is  also  frequented  by  butterflies  (Callidryas). 

Oed.  MELASTOMACEM. 

Heeria,  Schlecht,  has  two  kinds  of  stamens,  one  serving, 
apparently,  to  attract  the  fertilising-agents,  and  the  other  supplying 
the  pollen  for  cross-fertilisation  (606).  & 

Oed.  LYTHRARIEM 

165.  Lythrum  Salicarta,  L.~ This  plant  has  acquired,  through 
Uarwms  numerous  and  laborious  experiments  (158),  so  important 
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a  place  in  the  question  of  the  origin  of  species,  that  its  fertilisation 
by  insects  in  the  wild  state  also  deserves  our  special  attention.  I 
shall  recapitulate  first  the  peculiarities  of  its  flower,  next  the  results 
of  Darwin's  experiments,  and  finally  the  insect-visitors  that  I  have 
observed. 

The  flowers,  which  are  set  in  close  whorls  on  a  long  spike,  are 
almost  regular,  usually  hexamerous  but  sometimes  pentamemus, 
both  forms  occurring  on  the  same  spike  ;  they  have  lost  something 
of  their  regularity  by  standing  not  quite  horizontally  but  directed 
slightly  upwards.  Of  the  five  or  six  petals  which  are  inserted  on 
the  edge  of  the  cylindrical  calyx-tube,  5  to  7  mm.  long,  the  three 
lower  (outer)  are  usually  a  little  longer  than  the  two  or  three 


Fio.  85. — Lythrum  Salicaria,  L. 
l.-Long-styled  flower  from  above,  after  removal  of  one-third  of  the  ealyx,  corolla,  and  stamens. 
2  —Mid-styled  flower,  ditto. 

8--Bh^S1nth:™ Stigma ;  the  stigma  in  Fig.  1,  the  anthers  in  2  and  3  are  eoated  with 
6,  mfd!s?zePd° ditto;  the  stigma  in  Fig.  2,  the  anthers  in  1  and  3  are  eoated  with  yellow 
c[  short  ditto  i  the  stigma  in  Fig.  3,  the  anthers  in  1  and  2  are  eoated  with  yellow  pollen. 

4._Mid*styled  flower,  viewed  obliquely  from  above  and  from  the  right  side. 

upper  ones ;  the  former  are  7  to  11  mm.  long,  the  latter  6  to  10  mm 
When  the  flower  is  fully  expanded,  as,  owing  to  the  crowded 
arrangement,  it  seldom  is,  the  upper  petals  stand  vertically  while 
the  lower  project  obliquely  forward  ;  and  the  latter  form,  therefore 
a  rudimentary  platform  for  insects.  The  irregularity  m  position  of 
the  stamens  and  pistil  is  of  more  importance  ;  they  all  occupy  the 
inferior  (outer)  part  of  the  tube,  so  that  insects  cannot  reach  the 
base  of  the  flower  between  them,  but  only  above  them  ;  and  their 
ends  are  bent  upwards,  so  that  the  ventral  surface  of  the  msect 
must  come  in  contact  both  with  anthers  and  stigma  Honey* 
secreted  by  the  fleshy  base  of  the  flower,  and  surrounds  the  short 
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stalk  of  the  ovary  and  fills  the  space  between  it  and  the  sides  of  the 
tube.  Insects  are  attracted  from  a  distance  by  the  crimson  spikes 
of  flowers,  and  are  guided  on  their  way  to  the  honey  by  the  dark 
red  colour  of  the  inner  surface  of  the  calyx  and  by  the  dark  lines 
in  the  middle  of  each  petal.  These  insects  are  caused  to  perform 
regular  cross-fertilisation  by  the  trimorphism  of  the  flowers,  which 
forms  the  most  remarkable  feature  of  the  plant. 

In  each  flower  the  reproductive  organs,  which  consist  of  one  pistil 
and  two  whorls  of  stamens,  of  five  or  six  each,  are  of  three  different 
lengths ;  the  shortest  are  inclosed  in  the  calyx- tube,  the  intermediate 
ones  project  3  to  4  mm.,  and  the  longest  6  to  8  mm.  beyond  it,  and 
either  the  style  or  one  or  other  whorl  of  stamens  maybe  the  longest. 
AU  the  flowers  on  any  one  plant  are  of  the  same  kind,  and  the  three 
forms  are  designated  by  Darwin,  the  Long-styled,  Mid-styled,  and 
Short-styled.    Both  pollen-grains  and  stigmatic  papillae  differ 
according  to  the  length  of  the  organs  which  bear  them.    All  the 
pollen-grains  are  eUiptical  when  dry,  and  swell  into  a  spherical  form 
when  moistened.    The  pollen-grains  of  the  longest  stamens  are 
green,  those  from  the  middle-sized  and  shortest  stamens  are  yellow. 
The  poUen-grains  vary  in  size  also  according  to  the  length  of  the 
stamen  that  they  come  from,  and  there  is  even  a  sb>ht  difference 
in  size  between  pollen-grains  from  stamens  of  the  same  length  but 
^longing  to  flowers  of  different  kinds.   The  following  table  exhibits 
these  differences  : — 


Form  of  flower. 

Relative  length  of 
stamens. 

Size  of  dry  pollen-grains 
in  ifcj  mm. 

Length.     1  Breadth. 

Diameter  of 

moist 
pollen-grains 
in  ,J3  mm. 

Colour  of 
pollen-grains. 

Long-styled  . 
Long-styled  . 
Mid-styled  . 
Mid-styled  . 
Short-styled  . 
Short-styled  . 

Intermediate . 
Short 

Long  .    .  . 
Short  .    .  . 
Long  . 
Intermediate . 

74-84 
7~7\ 

9—10 

6—  7 
10—11 

7—  8 

4-4* 
3*—4 

6—7 
34—4 

6—8 

4—5 

7-74 

6—  6J 
9—10 

6 

94— lOi 

7-  74 

Yellow.  1 

Yellow. 

Oreen. 

Yellow. 

Green. 

Yellow.  i 

The  rtiZ  rtri,l    tarns  than  these  fr°m 

longer  and  LI TThet  Z         "T^  f"™S  m  «™Merably 

aid-styled  and lortlvM  f„  ^  tha"  those  in  «» 

»nort  styled  forms,  winch  in  this  respect  also  do  not 

s 
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differ  so  much  from  each  other.    In  all  these  forms  the  stigmatic 
papillae  consist  of  long  cells,  whose  ends  are  cut  off  as  round  or 
elliptical  knobs  by  a  narrow  neck.    In  the  long-styled  flowers  these 
cells  are         mm.  long,  and  as  the  part  below  the  constriction  is 
about  twice  as  thick  as  the  knob  above,  these  knobs  stand  at  a 
distance  from  each  other  equal  at  least  to  their  own  diameter.  In 
the  mid-styled  form  these  papillae  are  only         mm.,  and  iu  the 
short-styled  %%^5  mm.  long  ;  and  in  both,  the  knobs  stand  very  near 
together,  since  the  part  of  the  cell  below  the  constriction  is  little 
thicker  than  that  above. 

Now  it  was  Darwin's  great  service  to  prove  beyond  question, 
by  a  long  series  of  patient  experiments,  that  in  LytKrvm  Salicaria 
reproductive  organs,  when  of  different  length,  behave  to  one  another 
like  different  species  of  the  same  genus  in  regard  both  to  direct 
productiveness  and  the  character  of  the  offspring;  and  that  con- 
sequently mutual  barrenness,  which  was  once  thought  conclusive 
proof  of  difference  of  species,  is  worthless  as  such,  and  the  last 
barrier  that  was  raised  between  species  and  varieties  is  broken 

down.  ,  ■ 

Now  of  the  eighteen  possible  ways  of  fertilisation,— applying 

the  six  different  kinds  of  pollen  to  the  three  kinds  of  stigmas — 
those  six  only  are  fully  productive  in  which  a  stigma  receives 
pollen  from  a  stamen  of  equal  height.    The  probability  that  the 
large  pollen-grains  from  the  long  stamens  are  only  suited  to  the 
lout,  widely  separate  papillae  on  the  long  styles  (and  so  forth  m  the 
otlTer  cases)  is  thus  fully  confirmed  by  experiment.    But  such  an 
adaptation,  such  a  differentiation  of  the  sexual  parts,  is  only 
intelligible  if  it  can  be  shown  that  under  natural  conditions  msect- 
fertilisation  causes  the  distribution  of  pollen  to  the  proper  stigmas; 
and  it  is  clearly  proved  by  observation  that  this  ,s  bo. 

The  honey  of  Lythrum  Salicaria,  inclosed  at  the  base  of  a  tube 
5  to  7  mm.  long,  is  accessible  (1)  to  insects  which Jbave  a  proboscis 
5  to  7  mm.  long  ;  and  (2),  since  the  entrance  to  the  tube  is  2,  to 
3  mm  wide,  to  insects  whose  head  is  small  enough  to  be  thrust 
partly  or^entirely  into  the  tube ;  and  (3)  to  insects  small  enough  to 
rreerj  down  to  the  base  of  the  flower.  . 

Cost  every  insect,  whose  body  along  with  rt. ;  proboscis  -  - 
,     »  10  t„  is  mm  lomr  must  in  sucking  the  honey  touch  the 

tate    oln  X*  proboscis,  or,  if  this  is  less  than  5  to  7  mna 
shortest  or  i  ^  ^         mth  a  part  of 

l„ng,w  th  th eunde rside  fa  nd  the  third  nc, 

"leT  pari  oVL  ventral  surface  the  same  distance  behind, 
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the  last.    Thus  all  the  three  kinds  of  stigmas  will  tend  in  time  to 
receive  pollen  from  stamens  of  their  own  length.    If  the  middle- 
sized  and  longest  organs  were  also  inclosed  within  the  tube,  the 
proboscis  or  head  of  the  insect  in  passing  down  would  come  in 
contact  with  all,  one  after  the  other,  and  cross-fertilisation  could  not 
be  nearly  so  well  restricted  to  its  proper  lines.   In  point  of  fact,  the 
insect  alighting  on  the  middle-sized  and  longest  organs  never  has 
occasion  to  touch  these  with  its  proboscis  or  the  fore-part  of  its 
ventral  surface,  the  parts  that  are  to  come  in  contact  with  the 
shortest  organs;  nor  is  the  posterior  part  of  the  ventral  surface 
which  has  been  in  contact  with  the  longest  organs,  ever  brought 
forward  during  the  process  of  sucking  to  touch  the  intermediate 
ones.    So  that,  as  a  rule,  "  legitimate  crossing  "  only  is  performed. 

In  the  action  just  described,  which  leads  regularly  to  legitimate 
crossing,  only  the  larger  and  middle-sized  bees  and  the  lamer  flies 
take  part. 

°hSeile^  ^\CUi8fmel™>  m  6  and  ?,  wherever  Lythrmn 
Sateana _  grows,  both  sucking  honey  and  gathering  pollen,  and  almost  confining 
itself  to  flu.  one  plant  (Since  its  proboscis  is  only  3-4  mm.  long,  it  must  thrust 
a  greatpart  of  its  head  which  is  2-3  mm.  broad,  into  the  tube  &  tZiouZt 
the  shortest  reproductive  organs  with  the  under  surface  of  its  head  thHS 
with  the  ventral  surface  of  its  thorax,  and  the  longest  with  the  ven 1 ZrC 

must  suit  it,  for  the  insect  to  confine  its  visits  so  exclusively  to  it    I  have  onlv 
found  one  exception  to  this  exclusiveness,  for  I  once  found  a  Lit  Tm  •  ' 
melanura  sucking  honey  on  Thrincia  Urta  D  c  \    m  T      i  ™  llS?a 
?  *  frequently  (body  without  probosds  lO-l"  ^  pZst  TZ  T  ^ 
(3)  Apis  mellifica,  L.  ?  (body  without  proboscis  U    \  ?  m  i  §)  '' 

long) ;  (4)  Bombus  terrestris,  L.  9  (bod^-^n"""^'  5 ^  6,mm- 
B.  agrorum,F.  ?  (body  10-13 i„ p^'bos l^if^T^V''  W 
7,  ?  (body  10-12  mm.,  proboscis  10-12  mm  )  Al^  (  \f  I  ^ 
frequent,  and,  like  Nos.  2  and  3,  sucking  lonTr  „nlt  Sf  mZ  ^  *  7™ 
cularis,  L.  J  (bodv  10  mm  ■    «    "    7      7 '       Megacl"le  centnn- 

**  six  spell  a/tne  ^ZZ^J^^^'  ^ 

surface  of  the  head  and the Tn  7  Tm  the  Dext  series  ^  ^  lower 
body  4-5  I^W*^,8  Part  of  ^  central  surface  of  the 

■SWvfa  n^fa.    tSs  fly  standi  long-tongued  flies,  especially 

rubbing  its  forefeet  ZfL  f      1    ,  ?"e  °r  m°re  °f  the  PettJa>  gently 
^chfs  its  profit  fj  «*  "  with  Wm 

the  flower-  luting  it  remain  12  mm"  and  thrilsts  **  down  into 

withdrawing  it  from  Z  ,7J  7     T      t0  ten  8ecoi,dH-    Mediately  after 
the  tube,  lt  usually  manipulates  one  of  the  anthers  with  its 

s  2 
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label  he  for  a  short  time  (one  to  two  seconds)'  in  order  to  add  to  the  liquid 
non-nitrogenous  food  some  solid  nitrogenous  matter  in  the  shape  of  pollen- 
grains.    In  inserting  its  proboscis  into  the  tube,  the  conical  prolongation  of 
the  head  comes  in  contact  with  the  middle-sized  reproductive  organs,  while  the 
proboscis  itself  touches  the  shortest ;  the  longest  organs  come  at  times  in  contact 
with  the  ventral  surface  of  the  fly,  but  very  often  fail  to  do  so  ;  and  so  this  fly, 
as  a  rule,  only  perforins  two-thirds  of  the  legitimate  work  of  fertilisation. 
Two  other  Syrphidce,  Helophilus  pendulus,  L.,  and  H.  trivittatus,  F.  (proboscis 
6—7  mm.  long),  alight  upon  the  longest  reproductive  organs,  and  fertilise  all 
three  kinds  of  "flowers  legitimately  ;  so  also  does  Volucella  plumata,  L.,  whose 
proboscis  is  7—8  mm.  long.    Several  smaller  Syrphidao,  whose  proboscis  is  too 
short  to  reach  the  honey,  viz.  Syritta  pipiens,  L.  (proboscis  3  mm.),  Syrphus 
balteatus  De<*  (2  mm.),  and  Melithreptus  tamiatus,  Mgn.,  feed  on  the  pollen, 
which  they  may  chance  to  carry  to  the  stigmas  ;  but  they  are  as  likely  to 
perform  illegitimate  as  legitimate  fertilisation.   The  same  holds  good  of  Halictus 
cvlindricus°F  2  ,  which  has  likewise  too  short  a  proboscis  to  reach  the  hone)', 
and  only  collects  pollen  on  this  flower  ;  and  also  of  some  very  small  insects, 
N'inophyes  lythri,  F.,  Meligetlies,  and  Thrips,  which  creep  down  into  the  tube, 
and  of  a  species  of  Capsus  which  runs  about  indiscriminately  on  the  leaves  and 
also  oil  the  flowers  of  the  plant.  T         .  , 

Two  butterflies  also,  Ehodocera  rhamni,  L.,  and  Pieris  rapse,  L.,  are  to  be 
seen  rather  abundantly  on  the  flowers  of  the  Loosestrife.  The  butterfly,  atting 
upon  one  flower,  thrusts  its  proboscis  (15  mm.  long)  into  the  next ;  it  thus 
touches  the  shortest  organs  regularly  with  its  proboscis,  but  seldom  the  middle- 
sized  ones,  and  the  longest  scarcely  ever,  but  the  middle-sized  and  longest 
organs  of  the  flower  on  which  it  is  seated  come  in  contact  with  the  ventral 

SUrinethe  following  list,  those  insect-visitors  which  regularly  accomplish  cross- 
•  fertilisation  in  its  three  forms  are  marked  with  (!)  ;  those  which  as  a  rule  only 
rfS^e  or  two  forms  of  crossing  are  printed  without  special  mark  ;  and 
those  which  only  occasionally  fertilise  the  plant,  and  perform  illegitimate 
as  often  as  legitimate  fertilisation,  are  placed  in  parentheses 

T  HymeSoptexa-^:  (1)  Cilissa  melanura  Nyl.  <J  *  .^°4£* 
(2)  Saropoda  rotundata,  Pz.  J  2  !  s.,  not  rare ;  (3)  Apis  mellifica,  L  $    s  , 
I  5  terrestris  L  $  !  s.  ;  (5)  B.  agrorum,  F.  $  !  s.  ;  (6)  B.  silvarum  L.  $  !  s  ; 
7   Me^cSelnWaris  L.  /l  s.  ;  (8)  (Halictus  minutissimus,  K.  2  . . , ; 
S  Ttr      KmUus  F  9  cp).   B.  Diptera — Syrphidce  :  (10)  Bhmgia rostrata, 
(9)  (H.  cylindr cue F  ?  ,*.U  P      L.  !  s.  ;  (12)  H.  trivittatus,  F.  I  s.  ; 

^•yiX^l^s.;  (1P4)  (Syritta  pipiens,  L  f.  p. )  iMtog^ 
Sells,  Deg/lp.)  ;  (16)  (MeUthrept^  tonxatuj  Mg. 

mnnalocera:  (17)  Ehodocera  rhamni,  L.,  s.,  ab. ;  (18)  Pieris  »P«M*»  s\>>  ■ 

(Capsiu).   See  also  No.  S90.ii. 

LvBmm  Oraefm,  Ten.,  is,  like  L.  Salimria  trimorphic ;  I: 
ttJ$Z  L.,  is  dimerphie,  and  X.  U  hemomorplnc 

P  Btwe!^^-.  S***"***.  »d  L,  to 
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trimorphic  species  ;  Pemphis,  Forst.,  has  dimorphic  species  (Kuhn, 
No.  399,  Darwin,  No.  167,  2nd  ed.).  Koehne  mentions  twenty-one 
heterostylic  and  340  homostylic  species  of  Lflhrum  ;  according  to 
him,  L.  thymifolia  is  not  heterostylic  (394).  Pemphis  acichda, 
Forst.,  and  some  species  of  Rotala,1  L.,  and  Nescea  are  clearly 
heterostylic  and  dimorphic. 

Ammannia  latifolia,  L.,  has  cleistogamic  flowers  (394). 

Guphea  silmoides,  Nees,  G.  Jloribunda,  Lehm.,  and  G  Mdvilla 
Lindl.,  according  to  Treviranus,  fertilise  themselves  before  the 
flower  opens  (742). 

Oed.  ONAQRARIE.E. 

166.  Epilobium  angustifolium,  L.— The  markedly  proter- 
androus  flower  was  thoroughly  discussed  by  Sprengel,  who  noticed 
humble-bees  as  its  fertilisers.  The  bright  crimson  racemes,  a  foot 
long,  are  very  conspicuous.  The  honey  is  secreted  by  the  green, 
fleshy,  upper  surface  of  the  ovary,  and  is  easily  accessible  to  insects 
and  yet  well  sheltered  from  rain.  The  expanded  lower  ends  of  the 
filaments  form  a  hollow  cone,  which  incloses  the  base  of  the  style 
and  the  surrounding  honey;  where  the  style  issues  at  the  apex  of 
this  cone,  hairs  upon  the  style  prevent  the  entrance  of  raindrops 
while  insects  easily  gain  access  between  the  filaments. 

In  young  flowers  the  stamens,  covered  above  with  pollen,  project 
forwards  as  an  alighting-place  for  insects,  while  the  style  is  still 
short  and  bent  downwards,  with  its  stigmas  folded  together;  in  older 
flowers,  the  empty  stamens  are  bent  downwards,  and  the  style 
greatly  increased  in  length,  projects  forwards  with  its  four  stigmas 
outspread  and  recurved.    Alighting,  sucking,  and  pollen-collecting 
are  thus  al  made  easy,  cross-fertilisation  in  case  of  insects-visits  is 
insured  and  self-fertilisation  rendered  impossible.    In  fine  weather 
sufficien  msect-vrsits  are  always  insured  by  the  conspicuous  colour' 
ize,  and  grouping  of  the  flowers,  and  by  the  abundance  and 
accessible  position  of  the  pollen  and  honey. 

ab  A{  H^°Ptera-(„)  Apidce :  (1)  Apis  mellifica,  L.  H  s  very 

»D.  ,  (2)  JiombuH  lapirlarfus  L  OH-  rt\  n       \  T    '       * '    '  veiJ 

gibbus,  L  2  s  VoV  Snl (  I  ^  CamPestris>  Pz-  <J.  *  5  (8)  Sphecode 
*  iU    wh^.T^o^9^  Pz-  ?>  s-  '>  do)  N.  Jacobs, 

K  all  BuLiJ  B  Si  J  (c)^eratre^dcB;  <14)  Tenthiedo  scrophulari*, 
 T!!^_^l^era^^  nigt.ca^  FaUen  > 

1  Vide  Bentham  and  Hooker,  Genera  Plantarum,  i.  p.  776. 


262  THE  FERTILISATION  OE  FLOWERS.        [part  hi. 


(16)  E.  livida,  L.,  both  sucking,  abundant ;  ' (17)  Syrphus  ribesii,  L.,  f.p. 
D.  Lepidoptera — Sphinges :  (18)  Ino  statices,  L.,  s.  See  also  No.  590, 11.,  and 
No.  609. 

EpiloMum  Fleischeri,  Hochst.  (E.  denticulatum,  Ulender),  is 
visited  by  numerous  humble-bees.  It  is  sometimes  homogamic, 
sometimes  proterandrous,  sometimes  proterogynous,  and  the  short 
style  always  occupies  the  same  position  below  the  stamens.  Cross- 
fertilisation  is  generally  insured,  but  self-fertilisation  is  not  quite 
excluded  (No.  609,  fig.  82). 

Insect-visitors  of  E.  Dodoncei,  Vill.,  E.  orig anij vlmrn,  Lam., 
and  E.  montanum,  L.  (E.  collinum,  Gmel.),  are  enumerated  in  Die 
Alpenblurncn. 

167.  Epilobium  parviflokum,  Schreber. — In  regard  to  the 
power  of  attracting  insects  and  the  possibility  of  self-fertilisation, 
two  species  of  the  same  genus  could  scarcely  stand  in  greater 


ho.  $6— Epilobium  parvijlorum,  Schreber. 


riu.  ou. — ^jf**   " 

Flower,  in  side  view,  the  greater  part  of  the  calyx  and  ovary  and  the  two  anterior  petals  having 

^TstW      longer  stamens  ;  «*,  shorter  ditto. 

contrast  to  each  other  than  EjpiloUum  parviflonm  and  E.  angus- 
tifol^  ;  for  the  solitary,  pale-red  flowers  of  the  former  speaes  are 
easily  overlooked  even  by  the  practised  eye,  and  generally  expose 
their  honey  to  no  purpose,  receiving  insect-visits  only  exceptional^ . 
Accordingly  self-fertilisation  is  a  regular  occurrence 

The  honey  is  secreted  by  the  upper  surface  of  the  ovary  and 
lodged  round  the  base  of  the  style ;  it  is  sheltered  from  ram  no 
0  much  by  the  stamens  as  by  a  ring  of  hairs  projecting  mwa  d 
from  the  petals.    Stamens  and  stigmas  ripen  together.    The  fou 
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shorter  stamens  are  set  apart  for  cross-fertilisation,  as  they  stand 
below  the  stigmas  and  are  touched  without  fail  by  honey-seeking 
insects.  The  stigmas,  standing  in  the  centre  of  the  narrow  flower, 
must  be  touched  first  by  an  insect-visitor.  The  four  longer  stamens 
are  concerned  in  self-fertilisation,  and  stand  close  round  the  stigmas, 
which  are  provided  with  long  stigmatic  papillae  on  their  outer  as 
well  as  on  their  inner  sides.  We  must  suppose  that  in  case  of 
insect-visits  the  pollen  brought  from  without  predominates  in  its 
action  over  the  pollen  belonging  to  the  flower.  In  spite  of  frequent 
watching,  I  have  only  observed  Pieris  rapce  and  a  Meligethes  sucking 
honey  on  this  plant. 

168.  Epilobium  oeiganifolium,  Lam.— This  Alpine  species  is 
comparable  in  many  respects  to  E.  parviflorum.  The  flowers  are 
small,  tubular,  and  inconspicuous;  the  style  is  unbranched,  and 
stigmatic  papillae  form  a  uniform  covering  for  its  upper  end.  The 
stigma  is  fully  ripe  on  the  opening  of  the  flower,  the  stamens  reach 
maturity  a  little  later.  The  upper  whorl  of  stamens  performs  self- 
fertilisation  regularly,  while  the  lower  whorl  provides  for  occasional 
crossing.    Argynnis  Pales  was  observed  sucking  several  flowers. 

EpiloUum  Ursutum,  L.— The  flowers  of  this  species,  whose 
rosy  corolla  expands  to  a  diameter  of  25  to  30  mm.,  are,  taken 


PlO.  ST  .—Epilobium  hirautum,  h. 


mgl still  more  conspicuous  than  those  of  E.  angustifolinm  ;  but 

t  jTZ1Sr  eTed        m°re  coasPicu-*  of  the  two  b;  the 
aggregation  of  more  numerous  flowers.    I  have  had  no  opportunity 
f  watching  E.  Ursutu^  the  right  places  at  the  right  riine;  but 

re^6  TT ment  °l  HS  WrS'  aS  Wel1  as  from  ^ss  striking 
appearance,  it  is  probable  that  its   insect-visitors  are  not  J 
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numerous  as  those  of  E.  anrjustifolium.  For  while  in  the  latter 
species  distinct  proterandrous  dichogamy  and  the  change  in  posi- 
tion of  the  reproductive  organs  have  quite  excluded  self-fertilisation, 
it  remains  possible  in  E.  hirsutism.  The  stigmas  here  ripen 
simultaneously  with  the  anthers :  cross-fertilisation  is  insured  in 
case  of  insect-visits  by  the  more  prominent  position  of  the  stigmas ; 
but  in  absence  of  insects  the  stigmas  curl  backwards,  and  come  in 
contact  with  the  pollen  of  the  longer  stamens. 

Epilobmm  alpinum,  L.,  produces  seed  by  self-fertilisation  in 
the  absence  of  insects  (Axell,  No.  17). 

A  review  of  the  foregoing  species  of  EpiloUum  brings  us  to  the 
same  result  that  a  comparison  of  the  Geraniums,  Polygonums, 
Alsinecv,  etc.,  leads  us  to,  and  confirms  the  view  that  no  general 
deduction  for  a  whole  genus  can  be  drawn  from  the  floral  mechanism 
of  a  single  species,  but  that  each  new  species  must  be  investigated 
afresh.  When  Delpino  (175 a)  characterised  the  genus  EpiloUum 
as  dichogamic  and  fertilised  exclusively  by  bees,  this  description 
may  perhaps  have  been  true  of  some  particular  species  that  I  am 
unacquainted  with ;  but  it  certainly  cannot  be  sustained  for  the 
whole  genus. 

169.  (Enothera  biennis,  L.— The  structure  of  this  flower  was 
minutely  explained  by  Sprengel.  The  flower  opens  and  is  most 
strongly  odorous  in  the  evening,  and  seems  to  have  adapted  itself  m 
this  way  to  crepuscular  and  nocturnal  Lepidoptera.  But  not  only 
is  the  pollen  exposed  to  bees  and  flies,  as  in  the  nocturnal  flowers 
hitherto  described,  but  the  honey  also  is  accessible  to  long-tongued 
bees  The  colour  of  the  flower  is  not  white,  as  most  nocturnal 
flowers  are,  but  bright  yellow,  and  the  flower  remains  open  or 
partially  open  during  the  day  ;  so  that  it  is  probably  more  correct 
to  look  upon  the  flower  as  adapted  simultaneously  for  bees  and 
nocturnal  Lepidoptera. 

Visitors-  A.  Lepidopteia-SjjAiB^s ;  (1)  Macroglossa  stellatarmn,  L., 
towards  evening,  sucking  without  settling  on  the  flower.  This  species  was 
ably  observed  by  Sprengd  «*»  (No.  702,  p.  B.  Hymenoptera-^  ' 
^Bombus  lapidarius  L.  ?  ;  (3)  B.  silvarum,  L.  $  ;  (4)  B.  agrormn  F.  ?, 
2  taking  ;  (5)  Apis  Lllifica,  L.  * ,  s  and  c.p ;  W  <^J~ 
K  o  Cp  •  (7)  Panurguscalcaratus,  Scop.  $<J,  dusting  itself  with  the  pol  e 
0  W  Eristalis  tenox,  L.  ;  (9)  E  arbustoruni,  L.  ;  (10) 

E.  nemorum,  L.;  all  three  feeding  on  pollen,  very  abundant. 

(Enothera  sinuata,  Mx.-Trelease  saw  this  flower  visited  by 
Ruby-throated  Humming-birds  (731)- 
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(Enothera  tenella,  Bert.  (Godetia  Cavanillesii,  Spach.),  in  the 
central  province  of  Chili,  produces  cleistogamic  flowers  in  spring.1 

Fuchsia,  L.,  is  visited  in  New  Zealand  by  Nectarinidse  (Anthomis 
melanura) ;  and  in  North  America  by  Ruby-throated  Humming- 
birds (Potts,  No.  652A,  and  Trelease,  No.  731). 

LajMzia  coronata,  Andr. — The  floral  mechanism  of  this  plant  is 
described  and  figured  by  Hildebrand  (346).    In  each  flower  there 
is  present  one  perfect  stamen;  a  second,  standing  immediately 
below,  is  reduced  to  a  spathulate  leaf,  whose  two  halves  fold 
upwards,  and  in  the  first  stage,  projecting  horizontally  from  the 
flower,  inclose  the  anther  of  the  perfect  stamen.    The  stalk  of  the 
spathulate  leaf  has  an  elastic  tension  downwards,  the  filament  of 
the  stamen  an  elastic  tension  upwards  ;  so  when  an  insect  alights 
on  the  projecting  spoon-shaped  blade,  as  the  only  convenient  spot 
from  which  to  reach  two  drops  of  honey  that  seem  to  rest  upon  a 
knee-shaped  bend  in  the  upper  petals,  the  leaf  springs  downwards, 
and  the  stamen  is  set  free  and  flies  upwards,  dusting  the  lower 
surface  of  the  insect  with  pollen.  When  the  stamen  has  thus  served 
its  purpose,  it  gradually  curves  upwards  out  of  the  flower ;  and  the 
style  which  was  hitherto  undeveloped  grows  gradually  out  of  the 
flower  m  a  horizontal  direction,  so  as  to  form  another  alighting- 
place.    Self-fertilisation  is  rendered  impossible  by  this  marked 
proterandry.    I  have  frequently  seem  the  whole  process  performed 
m  my  room  by  the  house-fly  (Musca  domestica,  L.),  and  by  the 
common  gnat  (Culex  pipiens,  L.) ;  and  also  at  an  open  window  by 
the  hive-bee.  J 

What  seem  to  be  drops  of  honey  on  the  two  upper  petals  are 
in  reality  dry,  shinmg  bodies  which  deceive  the  flies  as  well  as  us 
Lopena  coronata  is  therefore  a  deceptive  flower  like  Parnassia; 
but  like  the  latter,  also,  it  possesses  real  nectaries  in  addition - 
wo  yellow  pits  at  the  base  of  the  two  stamens,  the  functional  and 
the  abortive  (Delpmo,  No.  178). 

Lopczia  raeemosa,  Cay.,  seems,  from  Ogle's  description  (No. 
63 1),  to  agree  fully  m  the  structure  of  its  flower  with  L  coronata 

hjTl  mmmta'  ?-.0".  iS  Hkewise  markedly  Proterandrous; 
but  its  stamen  is  not  irritable,  and  does  not  lie  inclosed  by  the 
spoon-shaped  staminode,  but  stands  above  it  (Hildebrand  No  '356) 

the\7™eClTA  ™IANA>  L-This  P^nt  is  fertilised  much  in 
the  same  way  as  Veromca  Cha^drys,  L.,  in  spite  of  the  small 

1  Philippi,  But.  Zeit.  1870,  pp.  104-106. 
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affinity  between  them.  Two  stamens  and  the  single  style  project, 
diverging  from  one  another,  from  the  middle  of  the  erect  corolla ; 
they  form  the  platform  on  which  an  insect  must  stand  to  reach 
the  honey,  which  is  secreted  by  a  fleshy  ring  surrounding  the  base 
of  the  style  and  is  lodged  in  great  abundance  in  the  base  of  the 
flower.  Since  the  style  stands  a  little  lower  than  the  two  stamens 
and  projects  a  little  further  forward,  it  forms  the  most  convenient 
alighting-place,  and  is  that  most  usually  selected.  "When  an 
insect  settles  on  it,  it  touches  with  its  ventral  surface  the  stigmatic 
knob  at  the  end.    As  it  stretches  forward,  and  grasps  with  its 


Flo.  88. — Circma  lutetiana,  L. 
Flower  viewed  obliquely  from  above. 

a,  ovary. 

b,  the  two  sepals. 

c,  the  two  bilobed  petals,  alternating  with  the  sepi 

d,  the  two  anthers. 

e,  stigma. 


forefeet  the  bases  of  the  two  stamens,  which  are  the  only  available 
supports,  it  involuntarily  draws  the  stamens  (which  are  very  thin 
at  their  base,  and  therefore  easily  moved)  inwards  and  downwards, 
so  that  the  anthers  dust  the  under  surface  of  its  body  with  pollen. 
Though  this  is  apparently  the  simplest  course  which  an  insect 
can  take,  and  that  which  most  surely  leads  to  cross-fertilisation,  it 
is  not  the  only  one.  The  insect  not  unfrequently  alights  upon 
one  of  the  stamens,  and  as  this  bends  downwards  it  grasps  the  base 
of  the  same  stamen  and  of  the  style  with  its  forefeet.  If  the  style 
now  brinas  its  stigma  in  contact  with  the  ventral  surface  of  the 
insect,  as  is  usually,  but  not  always,  the  case,  it  touches  the  side 
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opposite  to  that  which  the  anther  touches  at  the  same  time  ;  and 
so  cross-fertilisation  may  result  if  the  insect  has  come  from  another 
flower. 

In  absence  of  insects,  the  flowers  mostly  wither  without  self- 
fertilisation  taking  place,  as  I  have  observed  in  specimens  in  my 
room.  I  have  found  a  few  flowers  in  which  the  stigma,  instead  of 
being  directed  obliquely  downwards  between  the  two  stamens,  was 
in  contact  with  one  of  them  from  the  beginning. 

The  only  visitors  that  I  have  seen  are  small  flies  which  behaved  in  the 
manner  described.    I  have  collected  (a)  Syrphidm :  (1)  Baccha  elongata,  F  ■ 
(2)  Asma  podagnca,  F.  ;  (3)  Melanostoma  mellina,  L.  ;  (b)  Muscidce :  (4 
Anthomyia  sp    with  yellow  abdomen.    Several  other  small  Muscidce  and 
Nyrphidas  escaped  me. 

I  f„™,rblmCi;  of  Cfc«i°I""*i'ma,'hicl'IfaPt  to  «gl«»of  waterin  my  room, 


Oed.  LOASEjE. 


Cajophora  latent  is  distinctly  proterandrous,  according  to 

m  the  h  1  n  ^  Peri°d  ^  antherS'  WhiGh  He  ^  five  b-dles 
m  the  hollow  and  outspread  petals,  rise  up  one  by  one  bend 

mwards  towards  the  middle  of  the  flower,  andpaaa  ba  k  n  o  2 
old  position  after  giving  up  their  pollen  to  insects.   With  these  five 
bundles  there  alternate  five  groups  each  containing  five  metamor 
phosed  stamens:  in  each  of  these  latter  groups  the  three  Z   m  t 
IT Z  T  C+tere       f°m  "  thdr  a  honey-reTep 

In  the  first  period  the  insects  cling  to  the  central  tuft  nf 
stamens:  in  the  semnrl   +^  +i,      ^-^  centiai  tult  of 

staminoches    The  fertui  ? etamorPho^  protective 

(177)    This  is  in  d    '       +Se!m  t0  be  b6eS'  acC01'^  to  Delpino 

ML  I       S^^TT view>  " 

Obd.  eassiflore.k. 

the  first  Tge  and  Ifc-r    ;\ndr°US  f°rm  "  W'"ch  the  ™th™  >> 
g  '  aDd  S"Sma     "»  *cond,  came  in  contact  with  the 
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back  of  the  insect-visitor.  Delpino  has  observed  bumble-bees  and 
Xylocopa  violacea  accomplishing  cross-fertilisation  in  this  manner. 
(172). 

In  Passiflora  racemosa,  Brot.  (P.  princcps,  Lodd.),  the  tube  is 
divided  by  rings  of  hairs  into  three  chambers,  the  lowest  of  which 
contains  the  honey.  From  the  size  of  the  flowers,  and  their  rich 
store  of  honey,  Delpino  imagines  that  humming-birds  are  the 
fertilisers  ;  and  he  supposes  that  the  triple  fence  serves'  to  keep 
away  less  intelligent  visitors  (178). 

My  brother  Fritz  Miiller  has  observed  in  his  garden  at  Itajahy 
that  some  Passifloras  are  fertilised  exclusively  or  chiefly  by  hum- 
ming-birds ;  but  he  is  convinced  that  abundance  of  honey  is  no 
proof  of  the  flower  being  visited  by  humming-birds, 1  for  one 
species  in  his  garden,  which  is  very  diligently  visited  by  them, 
contains  no  honey  and  is  odourless,  while  another  smaller  white 
species  flowering  in  Itajahy,  in  spite  of  great  abundance  of  honey 
and  a  pleasant  scent,  is  never  visited  by  humming-birds.  The 
numerous  coronse,  projecting  ledges,  etc.,  seem  to  him  to  be  of 
service  in  detaining  small  insects  in  the  lowest  chamber  (which 
often  contains  no  honey)  and  keeping  them  caged  for  the  hum- 
ming-birds, rather  than  in  making  access  to  the  chamber  difficult 
for  unprofitable  visitors  of  low  intelligence. 

Oed.  CUCURBITACEjE. 

17].  Bryonia  dioica,  L.— The  lower  part  of  the  calyx  and 
corolla  both  in  the  male  flowers  and  in  the  female  flowers  (which 
are  only  half  as  large)  is  adherent  to  a  hemispherical  cup-shaped 
disk  whose  naked,  fleshy  floor  secretes  honey.  In  the  male  flower 
five  irregularly  formed  fleshy  stamens  arise  on  the  edge  of  this  cup, 
and  are  so  expanded  and  inclined  inwards  that  they  completely 
roof  in  the  cup.  Four  of  the  anthers  cohere,  to  form  two  pairs ; 
the  fifth  is  free  on  both  sides.  Thus  the  honey-holding  cup  has 
three  narrow  lateral  entrances  each  placed  between  two  stamens 
and  fringed  with  long  hairs ;  and  also  an  entrance  from  above  m  the 
xnidst  of  the  upper  ends  of  the  stamens.  The  anthers  form  narrow 
rido-es  on  the  broad  stamens,  and  the  long,  narrow  slits  by 
which  they  dehisce  are  so  bent  that  the  greater  part  of  each 
Ices  one  of  the  lateral  openings,  while  the  uppermost  portion 
ooks  directly  upwards.  A  honey-seeking  insect  alighting  m  the 
Sle  of  th'e  flower  may  thrust  its  proboscis  down  m  the  midst  0 
aTthe  stamens,  or  approaching  from  the  side  it  may  reach  the 
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honey  through  one  of  the  lateral  entrances  ;  in  either  case  it  gets 
dusted  with  pollen, — in  the  former  case  on  the  lower  surface  of 
its  body,  in  the  latter  on  both  sides  of  its  head.  The  pollen  seems 
to  be  rendered  adherent  by  the  sticky  contents  of  the  colourless 
spheres  (k,  4)  which  border  the  narrow  strips  of  pollen ;  they  must 
come  in  contact  with  the  head  or  ventral  surface  of  the  insect  just 
as  the  pollen  itself  does. 

In  the  female  flowers  the  pistil  rises  up  from  the  middle  of 
the  cup,  and  splits  into  three  divergent  branches,  broad  at  the 
ends,  lobed,  aftid  set  with  projecting  points.  These  touch  the  head 
or  ventral  surface  of  an  insect-visitor  with  their  papillae  and  retain 
the  pollen  that  may  be  brought.    As  the  male  flowers  are  twice 


as  large  as  the  female,  they  are  generally  the  first  to  be  noticed  and 
visited. 

To  push  the  head  between  closely  approximated  parts  of  a 
flower  is  a  characteristic  action  among  wasps  and  bees  which 
acquire  the  habit  in  constructing  the  chambers  for  their' youno- 
The  honey  is  easily  accessible  to  the  thin  proboscis  of  a  butterfly 
and  the  pollen  of  the  male  flowers  is  available  to  flies  and  beetles  • 
but  the  latter  can  have  no  part  in  the  process  of  fertilisation  since 
tney  confine  their  visits  to  male  flowers. 

mW^rLt\Hr^°PteTa~(?  Apida:  (1)  Andrena  florea>F-  ?<?  (A. 
ubn.ata,  Sm  ),  by  far  the  most  abundant  visitor  of  this  plant,  a.  and  cp  •  it 

<■!>•  ,  (3)  A.  fulvjcrus,  K.      s.  .  (4)  Halktus  sexstrigatus,  Schenck,  ?, 
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c.p.  only  ;  (5)  H.  sexnotatus,  K.  $ ,  c.p.  only  ;  (6)  Coelioxys  simplex,  NyL 
5,s.;  (7)  Apis  mellifica,  L.  $ ,  c.p.  ;  (b)  Sphegidm :  (8)  Gorytea  myataceus, 
L.,  frecp,  s.  ;  (9)  Ammophila  sabulosa,  L.,  freq.,  6. ;  (c)  Vespidm  :  (10)  Eumenes 
pomiformis,  L.  $  ;  (11)  Odynerus  parietum,  L.  $ ,  both  sucking.  B.  Coleoptera 
—Malacodermata :  (12)  Dasytes  sp.,  only  on  the  male  flowers,  f.p.  C.  Lepi- 
doptera— Rhopalocera :  (13)  Pieris  napi,  L.,  s.    See  also  No.  590,  11. 

The  flowers  of  a  species  of  Trianosperma  in  South  Brazil  are 
visited,  according  to  Fritz  Midler,  very  abundantly  all  day  long  by 
Apis  mellifica  and  species  of  Melipona,  although  they  are  scentless, 
greenish,  quite  inconspicuous,  and  to  a  great  extent  hidden  by 
foliage  (597). 

Obd.  UMBELLIFERJi. 

The  general  phenomena  of  pollination  in  Umbelliferse  have 
been  already  so  clearly  and  thoroughly  described  by  Sprengel,  that 
I  may  confine  myself  to  a  short  account  of  the  most  important 
peculiarities.  The  main  features  of  the  flowers  are :  firstly,  the 
open  situation  of  the  honey,  making  it  accessible  to  even  the  most 
short-lipped  insects ;  and  secondly,  the  union  of  many  flowers  in 
one  head,  making  them  not  only  more  conspicuous,  but  also  per- 
mitting them  to  be  more  quickly  searched  and  fertilised.  Gornus 
shares°both  of  these  characters  with  the  Umbelliferaj,  but  in  a 

much  less  perfect  form. 

In  mostUmbellifers  the  honey  is  rendered  even  more  accessible 
than  in  Gornus,  by  the  secreting  disk  being  more  convex  and 
cushion-shaped,  and  by  the  stamens  spreading  further  apart.  The 
close  association  of  many  flowers  is  more  perfectly  attained  m 
TJmbellifene  than  in  Gornus,  far  more  numerous  flowers  uniting  in 
one  close-set  surface,  so  that  a  visitor  quickly  traverses  the  whole  ; 
and  the  florets  are  differentiated  in  the  service  of  the  community, 
those  in  the  centre  being  condensed,  and  those  towards  the  edges 
more  expanded,  rendering  the  whole  more  conspicuous. 

As  a  further  advantage  comes  proterandrous  dichogamy,  often 
devel  ped  to  such  a  degree  that  all  the  florets  of  one  whole  in- 
Sole  cence  only  protrude  their  styles  and  develop  stigmas  aftei 
the  sh  d  i  n.  of  the  pollen  :  so  that  in  the  first  period  of  flowering 
l^hole  community  Ists  with  pollen  the 

in  the  second,  exposes  its  stigmas  to  be  dusted  in  return.  Sojos. 
ert  lisation  of  separate  inflorescences  always  takes  place  and  he 
tortUHty  of  self-fertilisation  is  still  further  assured  Hence 
SIX  in  many  Umbellifers  (eg 

of  the  season  only  male  flowers  are  produced,  which  furnish  po 
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for  the  last  of  the  androgynous  flowers,  now  in  their  second  or 
female  stage. 

Hydrocotyle  americana  is  visited  in  Kew  by  minute  flies 
(Henslow,  330). 

Hydrocotyle  vulgaris,  L. — The  exceedingly  inconspicuous  flowers 
fertilise  themselves.  I  have  not  yet  seen  them  visited  by  insects 
(59°.  !•)• 

172.  Eryngium  campestrb,  L.  (Thuringia). — As  in  all  other 
Umbellifers,  the  upper  surface  of  the  ovary  secretes  and  lodges  the 


Fig.  90  —Eryngium  campestre,  L. 

1.  — Flower,  in  first  (male)  stage. 

2.  — Ditto,  in  second  (female)  stage. 

i=SS£  stn7romTilt.,nnSePalS'  Peta'8'  M<1  ^    »'  M^ 
(Letters  as  in  Fig.  91). 

honey  :  but  the  honey-gland  here  does  not  form,  as  usual,  a  swollen 
cushion  covering  the  whole  surface  of  the  ovary,  but  a  hollow 
rounded  disk  five-sided  in  outline,  and  surrounded  by  a  ten-lobed 

Zt  7  (aCCTbent)  bri^s.    The  five  equal-sized 

pe tela  stand  stiff  and  upright,  with  nearly  the  whole  of  their  upper 
halves  folded  inwards:  they  stand  about  3  mm.  high  and  are 
overtopped  by  the  stiff,  bristle-like  sepals  which  alternate  with 
them  :  the  equally  stiff  and  bristle-like  bracts  protrude  still  further, 
bo  the  honey  u  accessible  only  to  insects  which  have  a  proboscis  at 
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least  3  mm.  long,  or  are  strong  enough  to  push  apart  the  floral 
organs  which  protect  it.  Accordingly,  in  connection  with  the  fully 
developed  proterandry,  cross-fertilisation  alone,  as  in  all  other 
Umbellifers,  can  take  place.  Eryngium  shares  only  slightly  in  that 
special  advantage  which  Umbellifers  in  general  possess  from  having 
their  flowers  massed  together  in  one  surface,  for  the  bristle-like 
bracts  render  it  difficult  for  the  insects  to  go  creeping  about 
the  umbel.  This  disadvantage  is  somewhat  atoned  for  by  the 
richer  secretion  and  better  protection  of  the  honey.  Hence,  in  spite 
of  the  prickly  flowers,  insect- visits  are  by  no  means  scarce,  but  in 
sunny  weather  we  see  the' plant  abundantly  visited  by  wasps  and 
flies,  bees  coming  in  much  smaller  numbers.  I  have  observed  as 
visitors  and  fertilisers  : — 

A  Hymenoptera-(a)  Sphegidw :  (1)  Cerceris  albofasciata,  Dlb.,  scarce; 
(2)  C."  labiata,  F.,  ab.  ;  (3)  G.  nasuta,  KL,  ab.  ;  (4)  C.  variabilis,  Schr  not  rare  ; 
5  Philantbus  triangulum,  F.  ;  (6)  Amniophila  sabulosa,  L  ab  ;  (7)  Trphia 
femorata,  F.  ;  (8)  Priocnemis  bipunctatus,  F.  ?;  (6)  Vespidce :  (9)  Odynerus 
mrietum  L  2  ;  (10)  Polistes  gaUica,  L.,  and  var.  diadema,  very  ab.,  almost 
be  fonLd  in  sunny  weather  ;  (c)  Chrysidm:  (11)  Chrys,  sp  all 
snckfng;  (d)  Apid* :  (12)  Nomada  Eoberjeotiana  P,  2  ;  (13)  Andrena 
Rosa)  P  2-  (14)  Halictuscylindricus.F.  $  ;  (15)  H.  longulus,  Sm  $ ;  16) 
Apis^'  melMca,  L.  ?  ;  all  iy  sucking.  B.  Dipteral)  ******  ^ 
Fristalis  tenax  L.  ;  (18)  E.  arbustorum,  L.  ;  (19)  E.  nemorum,  L.  ;  (20)  Helo- 
^u«'L,'in  four  abundant-  (?)  W*.:  W  ^  C.sar  K; 
(22)  Sarcophaga  carnaria,  L.  ;  (23)  EclimT)myia  fera,  L.  ,  (24)  species  ot 
Antbomyia,  all  sucking. 

173  Astrantia  major,  L.-In  Astrantia  major,  the  special 
advantages  which  most  of  the  other  forms  develop  so  fully,  and 
resemble  each  other  so  much  in,  are  very  little  developed. 

The  nmbels  are  simple,  their  florets  form  no  close-packed 

surface  the  petals  remain  rolled  up  in  the  middle  of  the  flower 
suitace  tne  p  from  ^  they  make  lt 

S^tK  fleers  less  conspicuous.    Although  the  last 
obtction  is  to  some  extent  removed  by  the  bright  white  bra 
L  ect-^  -e  less  abundant  than  to  most  other  forms  of  this 
order    I  have  noted  the  following  in  my  garden  at  LipPstadt  :- 

signata.Pz.  6:  (3)  Pr.  armillata,  *yL  <J ,  all  three  suckn 

W  ?^<$£^£>£*£   C.  Coleoptera- 

Lucilia  cornicvna,  F.,  l.n.  ,  W  wu*0  v  have  found  the 



and  one  butterfly  (609). 
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Every  inflorescence  bears,  besides  the  proterandrous,  androgynous 
flowers,  numerous .  male  flowers  which  mostly  develop  later,  and 
are  of  obvious  service  in  this  marked  case  of  proterandry  in 
fertilising  the  last  of  the  androgynous  flowers. 

Astrantia  minor,  L.,  is  both  andromoncecious  and  androdicecious. 
The  plant  bears  as  a  rule  only  one  umbel,  which  usually  consists 
of  male  flowers  surrounded  by  hermaphrodite  flowers  ;  the  weaker 
plants  usually  bear  an  umbel  consisting  only  of  male  flowers. 


Fig.  91.— Astrantia  major,  L. 
to4wS2^^a^^°^^   A11'fl-  st™  «™  erect;  two  anthers 


«  ,  ditto,  dehisced ; 


In  regard  to  the  distribution  of  the  sexes,  the  condition  in 
th  s  except™,  that  in  Astrantia  minor  no  plants  occur  beari, 

sat  frT*   r'ite  ,fl0WerS-  «*»  exhib,t  theTs! 

Xlclo  P  7f  dT  a"dr0gyny  t,lr0l«"  -^ron.oncecis,1,  to 
anh ST  1      T<W  WHh  simi'-ly  Foterandrous  hern,. 


T 
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Sanicula  europcca,  L.,  is  andromonoecious.  Each  umhel  contains 
one  to  three  proterandrous  hermaphrodite  flowers,  surrounded  by 
ten  to  twenty  -male  flowers  which  develop  later.  Both  kinds 
resemble  those  of  Astrantia  major  in  structure  (590,  I.). 


174.  Conium  maculatum,  L.— The  adjoining  figures  serve  to 
illustrate  a  peculiarity  of  the  Umbsllifers  not  well  displayed  in  the 
other  figures,  namely  the  very  slow  and  gradual  development  of 
the  flowers,  at  first  wholly  male,  and  later  wholly  female. 

Fig.  1  represents  a  flower  beginning  to  expand,  but  still  far 
below  its  full  size.  The  anther  a1  has  dehisced  and  is  covered  with 
pollen;  a2  is  on  the  point  of  dehiscence;  the  other  three  are  not 


F11:.  02.  —  Conium  maculatum,  L. 

1  —Flower  at  tlie  commencement  of  its  first  (male)  stage. 
2'— Ditto,  in  the  middle  of  its  male  stage. 
3  —Ditto,  in  its  second  (female)  stage. 


vet  ripe ;  a3  is  more  advanced  than     ;  and  a*,  the  most  backward, 
is  still  curled  inwards  :  no  trace  of  styles  is  yet  to  be  seen  Each 
anther  stands  at  a  distance  of  two-fifths  of  the  circumference  from  the 
preceding  one.    The  second  figure  shows  a  slightly  older  and  full- 
Sed  flower,  in  the  middle  of  its  male  period.    The  anther  a*  is 
empty  and  withered;  a-  is  half  shrivelled  and  has  still a slight 
dusting  of  pollen;  a?  has  just  dehisced  and  is  fully  coated  with 
Pollen         is  on  the  point  of  dehiscing,-it  opened  while  the 
I  aW  was  being  made;  a*  is  still  closed.    The  styles  are  stil 
h Tand  bent  inwards  with  undeveloped  stigma,    Lastly  fce 
third  figure  shows  a  flower  in  its  second  stage :  the  anthers 
have  fallen  off;  the   styles  have  raised  th em -l«ct;  a 
\>  1   „v  W  hppn  developed  on  the  end  of  each  style. 

thtiiSy  ^onous  plant  receives  abundance  of 

insect-visitors  who  greedily  lick  up  its  honey. 
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Visitors  :  A  Diptera--(«)  Stvatiomyuhv :  (1)  Sargus  cuprarius,  L.  ;  (b) 
mmtdm:  (2)  Galliphora  vomitoria,  L.  ;  (3)  Lucilia  cornicina,  F.  :  (4)  Scato- 
p  inga  stercoraria L ;  (5)  Sepsis  sp.    B.  Coleoptera-(a)  NMdulidce :  (6) 

K  TV/  }  Dfermefdm-  (7)  Anthrenuspimpinellae,  F.  ;  (c)  Lamelll 
cornia:  (8)  Tnclnus  fasciatus,  L.  C.  Hymenoptera-(a)  Tenthredlnidv  ■  (9) 
Nematus  vittatns,  L.  ;  (10)  Several  undetermined  species  of  Tenthredo  ■  S 

KL  ?  ;  (rf)  4p«fa  .  (13)  Andrena  lepida,  Schenck,  £ .    See  also  No.  590,  r. 

175  Bupleurum  falcatum,  L.  (Thuringia).-I  have  found 
the  dull-yellow  flowers  visited  only  by  flies  and  Hymenoptera. 

Visitors  :  A.  Diptera    (a)  Syrphidce :  (1)  Syritta  pipiens,  L„  very  ab  s 
and  f,,  ;  (2)  Enstahs  arbustorum,  L„  s.  ;  (3)  PipizeHa  an^lata,  Mack's 
t  J  I  "  4\tnth™X  flava>  Hffi«B.,8.    B.  Hymenoptera-^VL' 

ftrrimfa:  5 Hylotoma  rosarum,  F,  s. ;  (6)  VespidL  (6)  Polistes  illica 

m  i  '  §  JcA— (7)  Various  sped  s,  ^  jS^ 

(8)  Halictus  mterruptus,  Pz.  £ ,  s.    See  also  No.  590,  1.  W    ^  ' 

chiefly6flieSARUM  (PETR0SELINUM)  sativ™>  ^.-The  visitors  are 

t  ^sD|tIera^1(a)  J*?***8'  (1)  Erist^  arbustorum,  L.  ;  (2)  E  sepulcralis 
L.  ;  (3)  Helophilns  fioreus,  L.  ;  (4)  Svritta  m™Pr>c  T  /* ,  V  i,Plucral,s' 
citrofasciata,  Deg.  ;  (6)  ^     6 >  £  ^Wa 

simplex,  Loew  (determined  by  HerrWhmeri    S  T'     V  (  )  Gyrtoneura 
B.  Hymenoptera-^.  :  ^Z^, 

177.  Carum  carui,  L. :  

E.  jene^s  Scop.  ;  (13)  Helophilus  floreus  L.,  ve'ry  ab  (mTt  ff'  ?8) 
(15)  Syritta  pipiens,  L.  ;  (c)  J|fMsci(fe  .    1^  0  '  (    }       Pendl^s,  L.  ; 

Echinomyia  fera    L  •  n*l  ?™  \<16)  Gymnosoma  rotundata,  L.  ;  (17) 

carnaria,L.,and  'albi-c;p sl^^j^^  ^  ;  ^  Sa™phaga 
(e)   TipuliL:  (21)  '  % BfTd(*    (2°)  Bibio  tortus,  J\; 

(22) 

thoeomus  fasciatus,  L  •  (25^  TVWi  '  (  }  Malaco^mata :  (24)  An- 

CrioceriS  12punctata'  L  C  ^OTUS  "'^cus,  L.  ;  (c)  ChrysomelL  :  (26) 
to-  rem,,1,,,  Kb?  £  ^^W*  r  <*)  HyJ 
pnodis,  I,  ;  (31)  Selandria  serva,  L  (32')  Atl  ,K '  C0Crule8cens'  *  5  (30)  H. 
gjjdo; tricincta,  F.  ■  (34)  T.  bifa  date,  ?)^^XTn'  ^  5  (33)  Ten" 
(30)  Cimbex  sericea,  L.  •  f37^  nPTllll  '  ,     ;   '  (35)  Doler»s  eglanteriro,  F.  ; 

Numerous  spe^s    (C^S   (  ^  ^  ^  5-  W 
G°rytes  campestris,  L  *  •  (S\  T'\  '  f  .  ^emonils  nnicolor,  F.,  freq.  ;  (40) 

'•'  J  ■  (43)  Or.  vagabumiu    P7    ?r"jTP],la,;,IH'  *  ?  ;  (42^  ^  ^ 
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Nyl.  <J  ;  (45)  P.  communis,  Nyl.  ;  (46)  Halictus  maculatus,  Smith,  9,  s.> 
freq.  ;  (47)  H.  sexnotatus,  K.  $,  c.p.  ;  (48)  H.  albipes,  F.  $ ,  c.p.  ;  (49)  An- 
drena  nigroamea,  K.  $ ,  s.  ;  (50)  A.  albicans,  K.  ?  <J,  s.  ;  (51)  A.  parvula,  K., 
s.  and  c.p.  ;  (52)  A.  fulvicrus,  K.  $  ,  s.  ;  (53)  A.  nana,  K.  £ ,  s.,  and  A.  minutula, 
K.  ?,  s.  D.  Lepidoptera—  Tineidas :  (54)  Adela,  s.  E.  Neuroptera—  (55) 
Sialis  lutaria,  L.    See  also  No.  590,  1.,  and  No.  609. 

178.  SlUM  LATTFOLIUM,  L.  : — 

A.  Diptera—  (a)  Empidce  :  (1)  Empis  sp.  ;  (6)  Dolichopidce  :  (2)  Dolichopus 
aniens,  Deg.  ;  (c)  Syrphidw :  (3)  Syrphus  ribesii,  L.  ;  (4)  Eristalis  nemorum, 
L.  ;  (5)  E.  arbustorum,  L.  ;  (6)  E.  aeneus,  Scop.  ;  (7)  Syritta  pipiens,  L.  ;  (8) 
Helopbilus  Aureus,  L.  ;  (d)  Muscidce :  (9)  Mesembrina  meridiana,  L.,  s.  ;  (10) 
Lucilia  silvarum,  Mgn.  ;  (11)  L.  Cassar,  L.  ;  (12)  L.  cornicina,  F.  ;  (13)  Musca 
corvina,F.  ;  (14)  Aricia  incana,  Wied.,  freq.  ;  (15)  Cyrtoneura  simplex,  Loew  ; 
(16)  CaUipbora  vomitoria,  F.  ;  (17)  Ocyptera  brassicaria,  F.  ;  (18)  Tetanocera 
ferruginea,  Fallen  ;  (19)  Sepsis  sp.  ;  (e)  Stratiomyxdm:  (20)  Stratiomys  riparia, 
Mgn.    B.  Coleoptera— (a)  Mordellidce:  (21)  Mordella  fasciata,  F.  ;  (b)  Mala- 
codermata :  (22)  Telepborus  melanurus,  L.  ;  (c)  Lamellicornia :  (23)  Trickms 
fasciatus,  L.    C.  Hymenoptera-(a)  Tenthredinidm  :  (24)  Selandria  serva,  F.  ; 
(25)  Athalia  rosaa,  L.  ;  (26)  Tenthredo  notba,  Kl.  ;  (b)  Ichneumon^  :  (27) 
Numerous  species  ;  (c)  Sphegidm  :  (28)  Crabro  dives,  H   Sch.  $ ;  (29)  L, 
iapidarius,  Pz.  $  ? ,  freq.;  (30)  C.  pterotus,  F.         (31)  C.  vagus,  L.  $. 
D.  Hemiptera— (32)  A  small  species  of  Anthocorida. 

179  jEgopodium  Podagraria,  L.-The  flowers  of  this 
common  weed  are  the  resort  of  very  numerous  insects  of  various 
orders.    I  have  found  upon  them  :— 

A  Diptera-(a)  StraUomyidm  :  (1)  Stratiomys  CFamseleon  Deg  ;  (2)  Sargus 
cuprarius,  L.  ;  (3)  Ohrysomyia  formosa, Scop.  ;  (ft)  Mg* 
fliva  Man  (Tbur.)  :  (c)  Empidw :   5   Empis  hvida,  L.  ;  (6)  E  punctata,  j*.  , 
JT*J££,  W  Tbieva'anilis,  L.  ;  (e)  Dolickopidce:  (8  W= 
LUW  Mgn. ;  (/)  SyrpMd,  :  (9)  Paella  £ 
viduata,  F.  ;  (11)  Cb.  — m=  L.Ma  cbalyb^t  ( 
Svrpbus  pyrastn,  L.  ;  (14)  b.  ribesii,  .u.  ,  «  >  <= 

M^threpS  -matus  Mgn.  ;  g7)  Wucella jf^^^™ 

S3)  Lpbon7yiatreinula,Scop.;  (24)  Sarcopbaga  albicans,  Mgn.  ;  M 
cornicina  F  ;  (26)  L.  silvarum,  Mgn.,  etc.  ;  (27)  Musca  corvma,  F  ;  (28)  Ancia 
TcZu  M,n  :  (29)  Species  of  Antbomyia  ;  (30)  Scatophagy  Btercoraria,  L.  ; 
obscurata,  ivi  n.  ,  1  Tivulidm:    33  Pachyrrbina 

(31)  S.  merdaria,  F.     («J2)  bcpsis,  au.  ,  -f    ......  ,0'     «,«  p-A. 

hi  strio  F  •  (34)  P.  crocata,  L.    B.  Coleoptera-(«)  ^»*uftrf«?«  -  (35  Cyoh 
*  (TeM.  B.)  ;  (ft)  -  J  '. 

(39)  Trichius  fasciatus,  L.  ; ^  * 4  £U*n"*.-  (43)  Tele- 
Lr°n  CcTl  (44  ab  ! hiu^^inla^  V.  ;  (45)  Dasytes flavipes,  F.  , 
[7»2Laii£,  L.5  (/)  Lelid*:  (47)   Cistela  niurma,  L.  ;  (,) 
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MbrdeMda;  (48)  Anaspis  rufilabris,  Gylh.  ;  (4!))  A.  frontalis,  L.  ;  (50) 
Monk'lla  fasciata,  F.  ;  (51)  M.  aculeata,  L.,  very  ab.  ;  (h)  Ourculionidce :  (52) 
Spermophagus  cardui,  Sohh.  ;  (i)  Cerambycidce :  (53)  Pachyta  octomaculata, 

F.  (Tekl.  B.) ;  (54)  Leptura  livida,  F.  ;  (55)  Grammoptera  runcornis,  Pz. 

G.  Hyinenoptera — (a)  Tenthredmidce :  (56)  Hylotoma  femoralis,  Kl. ;  (57) 

H.  rosarum,  F.  ;  (58)  H.  ustulata,  L.  ;  (59)  H.  vulgaris,  Kl.  ;  (60)  Selandria 
serva,  F,  ab.  ;  (61)  Tenthredo  bil'asciata,  L.  ;  (62)  T.  navicornis,  L.  ;  (63)  T. 
notha,  KL,  ab.  ;  (64)  T.  atra,  Kl.  ;  (65)  T.  sp.  ;  (66)  Cimbex  sericea,  L.-;  (b) 
IchnwmonidcB :  (67)  Numerous  species  ;  (c)  Evaniadm  :  (68)  Fcenus  affectator, 
F.  (Thur.) ;  (69)  F.  jaculator,  F.  (Tbur.)  ;  (rf)  Chrysidas :  (10\  Hedychrum 
lucid  id  inn,  F.  c?,freq.  ;  (e)  Sphegidce :  (71)  Crabro  sexcinctus,  v.  d.  L.  £ 
(Thur.)  ;  (72)  Cr.  cepbalotes,  H.  Scb.  <£  (Tliur.)  ;  (73)  Cr.  lapidarius,  Pz.  P  ; 
(74)  Cr.  vagus,  L.  P  ;  (75)  Oxybelus  bipunetatus,  01.  <J  ;  (76)  0.  bellicosns,  01.' 
<$,  freq.  ;  (77)  0.  bellus,  Dlb.      ;  (78)  0.  uniglumis,  L.,  very  freq.  ;  (79) 
Pbilautbus  triangulum,  F.  ;  (80)  Cerceris  variabilis,  Scbr.  ?  ^ ,  not  rare  ;  (81) 
Gorytescampestris,  L.  $      not  rare  ;  (82)  Hoplisus  laticinctus,  Lep.  P.  (Tliur )  • 
(83)  Pompilus  niger,  F.   ?  (Tekl.  B.)  •  (84)  P.  spissus,  Scbi.  P ;  (85)  p' 
neglectus,  Wesm.  P  (Tbivr.)  ;  (86)  Myrmosa  melanocephala,  F.  ?  ;  (/)  Ves- 
pidas:  (87)  Odynerus  quinquefasciatus,  F.  P;  (88)  0.  elegans,  F    P.  •  (n) 
Apidce:  (89)  Prosopis  communis,  Nyl.         (90)  P.  clypearis,  Schenck,  <? 
(Thur.)  ;  (91)  Halictus  albipes,  F.   $  •  (92)  H.  cvlindricus,  F   P  •  (93)  H 
mmutus,  K.  P  ;  (94)  Andrena  parvula,  K.  P  $  ■  (95)  A.  albicrus,  K  P  •  (96) 
A.  helvola,  L.  P      c.p.  and  s.  :  (97)  A.  fulvago,  Christ.  ?,  c.p  ■  (98)  A 
proxrma,  K.  ?,  s.  and  c.p.  ;  (99)  A.  albicans,  K,  s. ;  (100)  A.  pilipes  F  / 

S';irfi01)TAoCl°rfjata'AT?!  C-p-;  (1°2)  A'  fuCata'  Sm-  ?.       (103>)  Apis 
mellinca,  L.  P ,  c.p.    D.  Neuroptera— (104)  Panorpa  communis,  L. 

180.  Pimpinella  magna,  L.— I  have  had  very  little  oppor- 
tunity of  observing  this  species,  and  I  have  only  noticed  the 
following  msect-visitors  in  Low  Germany. 

|  Apidce:  (1)  Andrena  parvida,  K.  ?,  Si  and  c.p.  ;  (2)  A.  Rosa?,  Pz.  s. 

In  the  subalpine  region  of  the  Alps  it  usually  bears  only 
pinkish  flowers  (P.  magna,  0  rosea,  Koch  =  P.  rubra,  Hoppe)  which 
circumstance  may  be  attributed  to  the  more  intense  action  of 
light  m  this  region.  I  have  found  the  pink  variety  on  the  Alps 
visited  by  six  species  of  beetles,  seven  flies,  two  Hymenoptera,  and 
one  butterfly  (609). 

181.  Pimpinella  saxifeaga,  L. :— 

horticola,  Mgn.  :  (d)  ,WwW(     IT'  (5j  ,S"  P^stn,  L. ;  (6)  Eristalis 
(8)   IW  vH una  \  ,  ,„  a   L     B*  ,  !  W 

(11)  Paehyt  fvf""0  > 

1  ■,  .id.  (»ld.)  ;  (r)  Chi-ysomelidce :  (12)  Clythra 
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scopolina,  L.  (Thur.).  C.  Hymenoptera — (a)  Tenthredinida  :  (13)  Hylotoma 
rosarum,  F. ;  (14)  Selandria  Berva,  L.  ;  (15)  Tenthredo  bicincta,  L.  ;  (16)  T. 
notha,  KL,  ab.  ;  (17)  T.  bifasciata,  L.,  etc. ;  (18)  Cimbex  sericea,  L. ;  (b)  Ichneu- 
monidce :  (19)  Numerous  species  ;  (c)  Apidce  :  (20)  Sphecocks  gibbus,  L.,  b.  ; 
(21)  Andrena  parvula,  K.,  s.  and  c.p.  ;  (22)  A.  fulvescens,  Sm.  ? .  D.  Neuro- 
ptera — (23)  Panorpa  communis,  L. 

182.  Myrrhis  odorata,  Scop. — The  accompanying  figures 
represent  flowers  of  this  species  as  I  saw  them  towards  the  end 
of  their  flowering  period,  June  13,  1871.  The  flowers  last 
developed  are  male  only,  their  anthers  and  petals  fall  off  without 
their  developing  styles  or  stigmas  upon  their  stunted  ovaries. 
These  male  flowers,  as  in  cases  described  above,  furnish  pollen 
for  the  last  of  the  hermaphrodite  flowers  when  in  their  second 
or  female  stage.    I  have  had  no  opportunity  of  observing  the 


Fic.  93.—  Myrr his  odorata,  Scop. 
1.— Male  flower,  at  the  end  of  its  flowering-period. 
2  — Ditto,  withered. 

s  —Hermaphrodite  flower  in  its  Inst  stage. 

ov,  ovary;  ».  neetary ;  p,  petal  ;  a,  anther;  a',  ditto,  not  yet  dehisced. 

fertilisation  of  Myrrhis  odorata,  which,  in  the  neighbourhood  of 
Lippstadt,  occurs  wild  only  in  an  isolated  patch.  Herr  Borgstette 
sent  me  the  following  list  of  species  which  he  collected  on  the 
flowers  of  this  plant  at  Teklenburg  :— 

A  Diptera-(a)  Bombylidce  :  (1)  Bombylius  major,  L.  ;  (b)  Empidce :  (2) 
Empi's  tesselata,  F.  ;  (c)  Syrphid^:  (3)  Xylota  femorata,  L.    B.  Coleopkra 
ChLomelidcc.-  W  Galeruca  calmariensis,  L.    C.  Hymenoptera-(a)  Ichneu- 
(5)  Several  species;  (b)  Apida:  (6)  Ealictus  maculatus,  Sn,  1 
have  since  added  twenty-seven  species  to  this  list  (590,  I.). 


183.  Celerophyllum  hirsutum,  L.  :— 


Visitors  -  A.  Diptera-SyrpMcfo:  (1)  Eristalis  pertinax,  Scop.  B.  Cole- 
0^X)  Ela*rL:  (2)  Agriotes  gallicus,  Lap.  (Thur.) ;  (b)  OSdmend*  . 
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(3)  CEdemera  flavescens,  L.  (Tliur.).     C.  Hymenoptera — (a)  Tenthredinidce: 

(4)  Hylotoma  enodis,  L.,  ab. ;  (5)  H.  segmentaria,  Pz.  (Thur.)  :  (6)  Tenthredo 
bifasciata,  L.  (Thur.)  ;  (7)  T.  notha,  Kl. ;  (8)  T.  sp.  ;  (9)  Atbalia  roste,  L.  ;  (b) 
Evaniadce:  (10)  Foenus  affectator,  F.  (Thur.);  (c)  Ohrysidce :  (11)  Chrysis 
ignita,  L.  (Th.ur.);  (d)  Sphegidce:  (12)  Crabro  subterraneus,  F.  g  (Thur.)  ; 
(13)  Pompilus  pectiuipes,  v.  d.  L.  (Thur.)  ;  (14)  Myrniosa  melanostoma,  F. 
(Tli nr.) ;  (e)  Apidce :  (15)  Sphecodes  ephippia,  L. 

184.  Cilerophyllum  temtjlum,  L. : — 

Visitors  :  A.  Diptera—  (a)  Stratiomyidw :  (1)  Chrysomyia  formosa,  Scop.  ; 
(b)  Syrphidce  :  (2)  Cheilosia  scutellata,  Fallen  ;  (3)  Chrysogaster  ccemeteriorurn, 
L.  ;  (4)  Melanostoma  raellina,  L.  ;  (5)  Melithreptus  scriptus,  L.  ;  (6)  Baccha 
elongata,  F.  ;  (7)  Eristalis  nemorum,  L.  ;  (8)  Helophilas  floreus,  L.  ;  (9) 
Syritta  pipiens,  L.  ;  (b)  Muscidce :  (10)  Gymnosoma  rotundata,  L.  B.  Cole- 
optera—  (a)  Nitidulidce:  (11)  Meligethes  ;  (b)  Dermestidce :  (12)  Anthrenus 
scrophidarisB,  L.  ;  (13)  A.  pirnpinellse,  F.  ;  (c)  Cerambycidce :  (14)  Leptura 
livida,  L.  ;  (15)  Pachyta  8-maculata,  F.  (Tekl.  B.).  C.  Hymenoptera— (a) 
Tenthredinidce :  (16)  Tenthredo  flavicornis,  L.  ;  (17)  T.  notha,  Kl.  ;  (18)  T 
rustica,  L.  ;  (19)  Several  undetermined  species  of  Tenthredo  ;  (b)  Sphegidce  ': 
(20)  Crabro  cribrarius,  L.  ?  ^  ;  (21)  Entomognathus  brevis,  v.  d.  L.  ?  ;  (c) 
Vespidce :  (22)  Odynerusparietum,  L.  ?  ;  (d)  Apidce (23)  Andrena  Collinsoniana, 
K  $ ,  s.  and  c.p.    See  also  No.  590,  1. 

185.  Anthriscus  silvestris,  HoflEin.— The  accompanying 
figures  show  some  of  the  special  adaptations  which  all  typical 
Umbelliferae  share.    These  features  are  :  (1)  the  fully  exposed 


Fio.  94.— Anthriscus  silvestris,  Hoflln. 

are1^e0tW"8ibleflrSt(male)  °'  authers  Ilot  **  ™««**  i      ditto,  dehisced.   The  styles 

I  ^SfemnIc)  Stage-  TllC  stainens  h" 6  «>•»  off,  the  styles  have  appeared,  and 

P,  inner,  ;/,  outer  petals  ;  ov,  ovary  ;  n,  nectary  ;  st,  stigma. 

.situation  of  the  honey,  due  to  the  cushion-shaped  swelling  of 
the  disk  winch  secretes  it,  to  the  absence  at  first  of  styles 
to  the  wxdely  outstretched  position  of  the  petals,  and   to  the 
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peculiar  nature  of  the  anthers  which,  before  dehiscence,  are 
bent  backwards  outside  the  flower,  and  afterwards,  erecting 
themselves  slightly,  stand  pointing  obliquely  outwards,  and 
easily  fall  off  altogether  at  the  coming  of  an  insect ;  (2)  the 
complete  proterandry,  so  fully  developed  that  every  trace  of 
anthers  has  disappeared  when  the  stigmas  arrive  at  maturity ; 
(3)  the  loss  of  regularity  in  the  separate  flowers  for  the  good  of 
the  community,  the  outer  petals  developing  at  the  cost  of  the 
inner  ones. 

As  in  the  forms  just  mentioned,  we  find  visiting  Anthriscus 
silvestris  a  very  miscellaneous  company  of  insects,  chiefly  with 
short  proboscides,  to  lick  up  the  flat  layer  of  honey  from  the 
disk ;  a  few  humble-bees  and  Muscidae  to  feed  on  pollen,  and  a 
few  bees  to  collect  it.  As  they  pass  quickly  over  the  surface  of 
the  umbels,  and  frequently  fly  from  one  to  another,  they  easily 
dust  their  body  and  legs  witb  pollen  upon  young  flowers,  and 
accomplish  numerous  cross-fertilisations  in  a  short  time. 

I  have  repeatedly  found  hive-bees  collecting  pollen  on 
Anthriscus  silvestris;  they  ran  over  the  umbels  with  the  utmost 
speed  so  quickly  that  I  could  not  follow  with  my  eye  the  act  of 
pollen-gathering,  and  they  stripped  off  many  anthers  completely. 
In  spite  of  their  industry,  which  is  so  often  very  useful  to  other 
flowers  they  are  of  little  or  no  use  to  Anthriscus  silvestris; 
for  they  take  away  the  pollen,  but  never  or  only  rarely  goto 
umbels  in  the  second  stage,  and  so  seldom  or  never  effect 
cross-fertilisation. 

Visitors:  A.  Diptera-(a)  Straliomyida, :  (1)  Nemotelus  panthennus,  L.  ; 
(2)  Stratiomys  Chameleon,  Deg.  ;  (ft)  Empidce :  (3)  Empis  PUiictate  F.  , 
4   E.  stercorea,  L.  ;  (c)  SyrpMdcB :  (5)  Syrphus  corolla,  F.  ;   6)  y  \ 

K  1  •,.  ,  .  •  L  t  .  ra\  M  mYtns  M«n  :  (9)  Ascia  potlagrica,  *.  ; 
(7)  Mehtbreptus  acriptua,  L.  ,  (8)  M.  ^       Helc!philus  floreus, 

(10)  Eristalis  arbustorum,  L.  ;  (11)     pertmax,  scop.  ,  i 
L     (13)  Syritta  pipiens,  L.  ;  (d)  Muscidm:  (14)  Echmornyia  tera  L.  (lo 
Zo^LW^eml,Scop.  ;  (16)  Sarcophaga  sP.  ; 

(18)  Mnaea  corvina,  F.  ;  (19)  Graph omytamaculata,  Sc0l      (20)  S     M  1  . 
Inerdaria,  F.  ;  (21)  S.  stercoraria,  L.,  ab.  ;  (22)  Sepsis  sp  23) 
r   •  (p\  BibionidcB  ■  (24)  Bibio  bortulanns,  F.  ;  (./)  Tipuhdm  .  (25    rac  l  > ' 
Afai tot  aT  ;  (26)  P.  prater^,  L.    B.  Coleoptera-(a)  NiMuM*:  (27 
ilunacrocata  l ,     (    )      i  Elatenda:  (29)  Synaptus  fihformis,  F.  . 

Epnrsea  sp.  ;  (28)  Mehgetnes    w  v  Corymbitea  quercua. 

30)  Lacon  nrarmus,  L.,freq.  ;  (31)  Athous  inger,  u.  ,  \,  )  F 
HI  •  (C)  Malacodermala:  (33)  Telephone  fuscus,  L  ;  (34)  I.  ™s™>  * '  ' 
£tt  T  lividus  L  ;  (36)  Malacims  omens,  L.  ;  (37)  M.  bipnrtn  a  us  F.  (  ) 
%  7  7  m  'o stela  murina,  L.  ;  («)  MordelMm:  (39)  Mordella.  fasoata, 
Ctstelidce:  (38)  Oisteia  mm  ma,  >  w  /  m  Uviirlms  freo  :  (q)  Ceram- 
p  ,  (40)  M.pumila,  Gyll.  I  (/)  :  (41)  Bin 1ms,  ircq  ,  W 

(42)  Clytus  arietta,  L.  {  (43)  Pacbyta  collar*,  T,  (Thm  )  ,  (44)  . 
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octdmaculata,  F.  (Thur.)  ;  (45)  Grammoptera  lurida,  F.  (Tekl.  B.)  ;  (46)  G 
ruficornisj  F.  0.  Hymenoptera— («)  TenthrecHnidm :  (47)  Hylotoma  femoralis, 
KL  (Thur.)  ;  (48)  Macrophya  neglecta,  Kl.  ;  (49)  Tenthredo  notha,  KL  ;  (50) 
T.  rapse,  Kl.  ;  (51)  T.  annulata,  F.  ;  (52)  T.  rustioa,  L.  ;  (53)  T.  sp.  ;  (54) 
Selaudria  serva,  F.  ;  (55)  Athalia  rosaa,  L.  ;  (56)  Dolerus  cenchris,  Htg.  ;  (57) 
Nematua  vittatus,  Lep.  ;  (58)  N.  myosotidis,  F.  ;  (b)  Ichneumonidm :  (59) 
Various  species  ;  (c)  Formkkkc :  (60)  Various  species  ;  (d)  Sphegidm :  (61) 
Grabro  sexcinctus,  v.  d.  L.  <J  ;  (62)  Cr.  cephalotes,  H.  Sch.  $  (Thur.);  (63) 
Hoplisus  laticinctas,  Lep.  ?  (Thur.)  ;  (64)  Pompilus  neglectus,  Wesin.  $ 
(Thur.)  ;  (65)  P.  viaticus,  L.  $  ;  (e)  Vespidce :  (66)  Odynerus  elegans,  H.  Sch. 
?  (Tekl-  B.) ;  (/)  Apidm  :  (67)  Halictus  Smeathmanellus,  K.  <j? ;  (68)  Andrena 
parvula,  K.,  s.  and  c.p.  ;  (69)  A.-Gollinsoniana,  K.  ?  ;  (70)  A.  fucata,  Sm.  ?  ; 
(71)  Apis  mellifica,  L.  $ ,  c.p.  D.  Neuroptera— (72)  Sialis  lutaria,  L.  ;  (73) 
Hemerobius  sp.    See  also  No.  590, 1. 

186.  Anthriscus  Ceeefolium,  Hofikt. :  

Visitors  :  A.  Diptera-(a)  SyrpMdm :  (1)  Eristalis  arbustorum,  L  •  (2) 
E  nemorum,  L.  ;  (3)  Syritta  pipiens,  L.  ;  (b)  Muscidm:  (4)  Gymnosoma 
rotundata  L.  ;  (5)  Exorista  vulgaris,  Fallen ;  (6)  Sarcopbaga  hasmarrhoa, 
Meigen  (determmed  by  Herr  Winiierfcz)  ;  (7)  S.  dissimilis,  Mgn.  (do)  •  (8 
Cyrtoneura  simplex,  Loew.  (do.)  ;  (9)  Anthomyia  radicum,  L.  (do.)  ;  (10)  Sepsis 
sp  l.h.  ;  (c)  Bibionidce:  (11)  Bibio  hortulanus,  F.  B.  Coleoptera— (a)  Niti- 
duhda,: (12)  Meligethes,  very  ab.,  Lb.,  also  pairing  on  the  flowers;  (b) 
Dermestuhe  :  (13)  Anthrenus  piinpinell*,  F.  ;  (14)  A.  scrophulariEe,  L.,  both 
ab.,  Lh.  ;  (c)  Malacodermata  :  (15)  Anthocomus  fasciatus,  L.  ;  (16)  Malachins 
™  F.;  {d)  MordeUid.:  (17)  Anaspis  frontalis,  Lb.';  c)  (ir^2 
(18  Grammoptera  ruhcornis,  F.,  Lb.  C.  Hymenoptera- (a)  IchneuJonidce  : 
(19  N^ous  species;  (5)  Formicid*;  (20)  Several  species ;  (c)  Sphegidm: 
21  Oxybelus  uniglumis,  L,  ab.  j  (22)  Pompilus  pectinipes,  v.  d  L  >. 
(23)  P  spisa^Schi.;  (d)  Apidm:  (24)  Prosopis  communis,  Nyl  >.  (25)  p' 
annillata,  Nyl.  ?  ;  (26)  Apis  mellifica,  L.      c.p.  '    6  '  {  1 

187.  (Enanthe  fistttlosa,  L. :  

(b)  T£S1  \YT™r}a)  ftrf°myid(e   (1)  Stratiom^  Chameleon,  Deg  • 
MStis    L  T^     v.  '  ?!  E"  ™tica'^en;  (c)  LeptiL :  (4 
Anuienx  ibis,   L.  ;  (d)   Syrplndcc :   5)  Syritta  pipiens    L  •   (a\  r 
nemorum,  L.  ;  (7)  E.  arbustorum,  L     (8)  E  sepuSis  L  .  ^  V 
•species  of  Lucilia,  all  suckin*    B    CoW™     *?  „■     > .  '  ;  (9)  Var,0lls 
fasciatus  T     n    tt  ?         Coleoptera— Lamelhcornia :  (10)  Trichius 

?'  Hymenoptera-^fe..         Ma      h  kl.        >  ™ 
(12)  Henades  truncorum  L  9  q  ■         pI      •         „  muutsa,  rz.     ,  s.  , 
«m,  ij.  ¥ ,  s.  ,  (13)  Prosopis  sp.    See  also  No.  590,  1. 

188.  (Enanthe  Phellandrium,  Lam. 

*3£T  (2f  SySrp~S^^7^  'I  ?}  °donto^ia  ™dula> F- !  (5) 
^,,,VA,  •  (4)    L„  .'.(8)  I"**"*  arb^'",«'".  L,  and  others 

Cyrtoneura  Uripes  ^ftST^    '  SJB)  ^  ^  Fallen  '  (6 
"pes,  Macq.  (determined  by  Herr  Winnerfcz)  ;  all  sucking  ;  (>/) 
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Mycetophilidm :  (7)  Seiara  Thomas,  L.  B.  Coleoptera— (a)  Chrysomelidce  : 
(8)  Helodes  Pliellandrii,  L.,  devouring  whole  umbels  down  t<>  the  peduncle  ; 
(6)  Cerambynidee :  (9)  Leptura  livida,  L.,  ab.,  licking  the  fleshy  disk  ;  (c) 
Elatericke  :  (10)  Adrastus  pallens,  Er.  C.  Hymenoptera—  (a)  Tmthredmida : 
(11)  Athalia  rosEe,  L.  ;  (12)  Tenthredo  sp.  ;  (b)  Ichneumonidm:  (13)  various 
species  ;  (c)  Sphegidce:  (14)  Tiphia  ruficornis,  K.  ;  (15)  Oxybelus  bipunctatus, 
01.  $  ;  (16)  Pompilus  viaticus,  L.  ;  (17)  P.  trivialis,  Kl.  ?  ;  (d)  Apidm :  (18) 
Prosopis  variegata,  F.  <J  ;  (19)  Sphecodes  gibbus,  L.  D.  Lepidoptera- 
(20)  Vanessa  C-album,  L. 

189.  SlLAUS  PRATENSIS,  Bess. — I  can  only  mention  the  follow- 
ing as  fertilisers  of  this  species,  which  I  have  had  few  opportunities 
of  observing  : — 

Hymenoptera— (a)  Tenthredinldce  :  (1)  Tenthredo notha, Kl.  ;  (b)  Sphegidce: 
(2)  Pompilus  viaticus,  L.  £,l.h.  ;  (c)  Apidce  :  (3)  Halictus longulus,  Sm.  $ ,  s. 

190.  Angelica  silvestris,  L. : — 

Visitors  :  A.  Diptera— (a)  Syrphidm  :  (1)  Syritta  pipiens,  L.  ;  (2)  Helo- 
philus  floreus,  L.  ;  (3)  Eristalis  pertinax,  Scop.  ;  (4)  Pipizella  virens,  F.  ;  (6) 
Muscidce  :  (5)  Tachina  prsepotens,  Mgn.  (determined  by  Herr  Winnertz)  ;  (6) 
Echinomyia  fera,  L.  ;  (7)  Mesembrina  meridiana,  L.  ;  (8)  Scatophaga  stercoraria, 
L  ;  (9)  S.  merdaria,  F.  ;  (10)  Lucilia  silvaruin,  L.  ;  (11)  Sarcophaga  sp.  B. 
Coleoptera— (a)  Dermestidce :  (12)  Anthrenus  pimpinelhe,  F.  ;  (6)  Lamelh- 
cornia:  (13)  Tricliius  fasciatus,  L.,  l.h.  ;  (c)  Malacodermata :  (14)  Telephorus 
melanurus,  L.  ;  (d)  Coccinellidce :  (15)  Coccinella  7-punctata,  L.,  s.  ;  (16)  ■  C. 
14-punctata,  L.,  s.  ;  (e)  Nitidulidm:  (17)  Meligethes,  ab.  C.  Hymenoptera- 
(a)  Tenthredinidce:  (18)  Athalia  xosse,  L.  ;  (19)  Species  of  Tenthredo  ;  (6) 
Ichneumonidm:  (20)  Various  species  ;  (c)  Evaniadce  :  (21)  Fcenus affectator,  F.  ; 
(d)  Sphegidce:  (22)  Crabro  lapidarius,  Pz.  ?  (Thur.),  ab.  ;  (23)  F^Miflm" 
triangulum,  F.  ;  («)  Vespidce :  (24)  Odynerus  sinuatus,  F.  ?  ; ;  (25)  O.  debili- 
tate Sara.;  (26)  Vespa  rufa,  L.  s.  ;  (/)  Apidce:  (27)  Species  oi  Pro- 
sopis s.  ;  (28)  Andrena  pilipes,  F.  ? ,  s.  D.  Lepidoptera-(29)  Argynnis 
Paphia,  L.  (Willebadessen)  (s.  ?)  E.  Neuroptera-(30)  Panorpa  communis,  L., 
l.h.    See  also  No.  590,  I.,  and  No.  609. 

191.  Peucedanum  Cervaria,  Lap.— On  the  slope  of  the 
•  Rehmberg  near  Miihlberg  in  Thuringia,  a  locality  rich  in  rare 
plants,  I  found  on  the  last  sunny  days  in  August,  1869,  the  following 
insects,  many  of  them  rare,  upon  this  still  rarer  Umbelhfer  :— 

A  Diptera-(«)  Bombylidce :  (1)  Anthrax  maura,  L.  ;  (6)  Muscidce:  (2) 
Phasia  crassipennis,  P.,  ab.  ;  (3)  Ph.  analis  F  scarce ;  (4)  f?*™™™ 
rotundata,  L.,  very  ab.  B.  Coleoptera-(a)  Chrysomehdce :  (5)  Ch  a 
«copolina,L.  ;  (6)  Cerambycidce  :  (6)  Strangalia  bifasciata,  Muller    0.  Hymen 

optem-(a)  Chysidce:  (7)  Hedychrum  lucidulum,  F.  $  ? ;  (b  Spheg  

?8)  Crab  0  wms,  L.  ?     9)  Or.  cribrarius,  L.  J  ? ,  ab.  ;  (10)  Nysson  macn- 
ls  v  d  I   9  ;  (ID  Tachytes  unicolor,  Pz.  ?  ;  (12)  T.  pectinipes,  v.  d.  L 
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?  ;  (13)  AmmopMla  sabulosa,  L.  ;  (14)  Psammophila  viatica,  L.  ^ ;  (15) 
Pompilus  viaticus,  L.  £ ;  (16)  Priocnemis  bipunctatus,  F.  9.  ;  (17)  Pr.  obtusi- 
yentriSj  ScMOdte,  9.  ;  (18)  Ceropales  maculata,  F.  ?  ;  (19)  0.  variegata,  F. 
$  (?;  (20)  Tiphia  femorata,  F.,  very  ab.,  all  licking  honey;  (c)  Vespidm: 
(28)  Polistes  gallica,  L.,  and  var.  diadema ;  (d)  Apidce :  (22)  Prosopis 
variegata,  R,  s.  ;  (23)  Halictus  leucozonius,  Schrk.  $  $,  s.  and  c.p.  ;  (24) 
H.  quadricinctus,  F.  ? ,  s.  ;  (25)  Andrena  minutula,  K.  £ ,  f'req.,  c.p.  ;  (26) 
Megaehile  lagopoda,  Pz.  9.  ,  once,  sucking. 

It  is  a  remarkable  fact  that  this  scarce  Umbellifer  is  visited  by 
a  choice  collection  of  rare  insects,  while  the  most  common  visitants 
are  absent.  I  do  not  think  that  this  is  due  to  a  special  taste  of  its 
honey,  but  I  suppose  that  the  same  conditions  necessary  for  the 
plant's  existence  are  also  favourable  to  special  insects. 


192.  Petjcedanum  (Anethtjm)  graveolens,  L.— The  dirty- 
yellow  flowers  of  this  plant  are,  like  those  of  Bupleurum,  visited 
by  Diptera  and  Hymenoptera,  but  far  more  plentifully  and 
by  a  greater  variety  of  forms,  owing,  doubtless,  to  the  strono- 
odour  of  the  flowers.  No  species  of  beetle  occurs  among  the  very 
numerous  visitors. 

Visitors:  A  Diptera -(a)  Stratiomyidcv :  (1)  Chrysomyia  formosa,  Scop , 
s  ;  {VBombyhd*:  (?)  Anthrax  maura,  L.  (Thur.)  ;  (c)  Syrphida:  (3 
Cheilosxa  scuteHata,  Fallen  ;  (4)  Syrphus  pyrastri,  L,  sucking,  as  also  were  the 
iol bwmg  :  5)  Eristalis  arbustorum,  L.  ;  (6)  E.  nemcrum,  L.;  (7)  E.  sepulcralis, 
L  (8)  E.  tenax  L.  ;  (9)  Syritta  pipiens,  L.  ;  (d)  Muscidce:  (10)  Gymnosoma 
rotundata,  L.,  ah  ;  (11)  Lucilia  cornicina,  F.  ;  (12)  Musca  corvina\  F  T3) 
Cyrtoneura  simplex,  Loew,  and  cnrvipes,  Maccp,  the  last  two  identified  by  Her  • 
Winnertz;  4)  Sepsis,  ab.  ;  (e)  TipulidcB :  (15)  Tipula  sp.  B.  HymenopteA 
(a)  Tentkredvndv  :  (16)  Several  species  of  Tenthredo  ;  (I)  IchnnLnldTm] 
■Vunerous  species  ;(C)  Evamadco:  (18)  Fcenus  aflectator  F.  •  (l9)  P  abator 

(/)  Wietjidce.  (23)  Crabro  sexcinctns,  v.  d.  L.  <*  (Thur)  •  ol  TO  V 

latus,  Pz.  $  (Thur.)  ;  (25)  Or.  podagricus,  H  Sch  9   2  { .         n  J^" 
-us,  H.  Sch.  ;  (27)  Cr.  Wesmaali,  v  d.  W     28)  cErtri™  (  ?* 
ab.;  (29)  Tripoxylon  clavicerum  v  d  L    9  •  '/inf  n  unigluniis,  L., 

(3D  Tacytes  nectinines.  T,    oTt,    ^  'J™  Cem°nUi  UniC0K  *  ?  ! 


f*i\  t>„„  ?•  ■        -r       — '  +  »  Vou;  v^emonus  umcolor  E 

31   Tacytes  pectaupes,  L.  9  (Thur.)  •  (32)  Psen  atratus,  Pz.  Q  j  (Thur )  ■ 

fl  iXZrS*  T-  V  d;-L-  ?  5  (34)  R  -^ctus,VeS1u?  V^hu  ' 
0.  debilitatus.Sau L    (J  '^IlTl^Fl  °^TW  P"**™,  &  !  (38) 


v  WAputas:  (41)  Prosopis  sinuata,  Schenck   ^o/TWl.  m 

Pr.  communis,  Nyl.  9  A  CTekl  "R  \  .  /ai\  v>  LJlt^>  d  ¥  (llmr.)  ;  (42) 

(44)  Sphecod  s  gibbus  L  ?  9  ab  '  S  ^"  Z™"11^  ^  ^  CKkL  B.)  ; 
A.  dorsata,  K.  ^  °.p  '      ^  ? '  ^  '  (45)  Audrena  ^vula,  K.  9,  c.p.  ;  (46) 
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193.  Peucedanum  (Pastinaca)  sativum,  L.  (Thuringia)  :— 

Visitors  :  A.  Diptera—  (a)  Bombylkhe :  (1)  Anthrax  flava,  Hffsgg.,  Lh.  ; 
(b)  Syrphidce :  (2)  Chrysotoxurn  bicinctum,  L.  ;  (3)  Syritta  pipions,  L.  ;  (c) 
Muscidcc :  (4)  Dexia  rustica,  F.  ;  (5)  Onesia  sepulcralis,  Mgn.  ;  (6)  Lucilia 
silvarurn,  Mgn.  ;  (7)  Sarcophaga  carnaria,  L.  B.  Hymenoptera— (a)  Tenth  n  - 
dinidce :  (8)  .Several  species  of  Tenthredo  ;  {b)  Ichneumonidce :  (9)  Numerous 
species  ;  (c)  Sphegidce  :  (10)  Crabro  sexcinctus,  v.  d.  L.  $  ;  (11)  Tiphia  fenio- 
rata,  F.  ;  (12)  Mutilla  europtea,  L.  ?  ;  (d)  Vespidce :  (13)  Polistes  gallica,  L., 
and  var.  diadema  ;  (14)  Odynerus  parietum,  L.  <$ .    See  also  No.  590,  1. 

So  the  dull  yellow  flowers  of  this  plant,  like  those  of  Bupleurum 
and  Anethum,  are  visited  only  by  Diptera  and  Hymenoptera,  not 
by  Beetles. 

194.  Heracleum  Sphondylium,  L.  :— 

Visitors  :  A.  Diptera -(a)  Bombylkhe  :  (1)  Anthrax  flava,  Hff.  (Sid.  Tekl. 
B)  •  (b)  Empidm:  (2)  Empis  livida,  L.  ;  (c)  AsiUdce :  (3)  Dioetaa  Bern- 
hardi,  Vied.,  ab.  (Sid.);    (d)  Syrphidce:    (4)  Chrysotoxurn   bicmctum,  L. 
(Sid.)  ;  (5)  Ch.  festivum,  L.  (Tekl.  B.)  ;  (6)  PipizeUa  virens,F.  ;  7)  P.  annu- 
al,, Mace.;  (8)  Chrysogaster  viduata,  L.  ;  (9)  Cheilosia  scutellata,  Fall 
nCf)  Svrnhus  elaucius,  L.  ;  (11)  S.  ribesii,  L.  ;   (12)  S.  pyrastn  L. ;  (13) 
Sw^^xSS-W,  L.  ;  (14)  Ascia  podagrica,  F.  ;  (15)  Eristairs  tenax, 
L     (16)  E.  nemorum,  L.  ;  (17)  E.  arbustorum,  L.  ;  (18)  E.  sepiuerahs L  ; 
(19   E.  Leus,  Scop.  ;'(20)  E.  pertinax,  Scop.  ;  (21)  E  hor^o la  Mgn.  (Sid  , 
22   Helophilus  floreus,  L.,  ab.  ;  (23)  Xylota  ^1^;Jf%^. 
pipiens,L ;  (a)  Conopidce:  (25)  ^^e^^^\^JJl^^ 
26)  Echinornyia  grossa,  L.  (Haar)  ;    27)  E   fera,L     (28)  E  ™Z™°^> 
Zett.;  (29)  Neman*  sp.  ;  (30)  Esorista  vulgaris,  Fallen  >^^^ 
carum,  Bond.  ;  (32)  Sarcophaga  carnaria,  L.,  ab.  ;  (33)  S^  h^marrhoa  Mgn 
(34)  Onesia  s    "Icral^  ^rap 

\^  — ]F?  (41)  PyLlL^ea  Zett,  (42) 

Mu  a IZln^f.  43  Calliphora  vomitoria,  I,  ;  (44)  0.  -ythroceph^ 
Z  ;  (-)  ScktophagaLrdaria,  ^  ^J^^^^ 
Tabanidce:  (47)  Tabanus  rusticus,  \j  Jh\My^6lZtem-L  NiUu- 
sp.;  W  Tipulidce:  (49)  Pachyrrhrna ^^  f^l^Jj,^  (*) 
Uda:  (50)  Thalycra  sericea,  Er.  (Siebengeb  r  e  ,  ?     (53)  Hoplia 

Dermestidce  ,  (52)  Anthrenus  ^^^^^^£^2^  L.  ab.  ;  (55) 
philanthus,  Sulz  very  ^  ^^^T^  EMerid.:  (56)  Agriotes 
Cetonia  ^.^J^  ^Shdoiericeu-,  L.  ;  (58)  C.  hasna- 
ustulatus,  Schaller  (Thur.)  (57)  ^°rym"  MnJacoderviata  :  (59)  Telephorus 
todes,  F.  (Siebengeb  July  8  187 ^^^^,1;^)  Tri- 
melanurus,  F,  very  fee* y  ^^^^^  fasciata,  L.  ;  (,)  OB* 
chodes  apianus,L.  ;  (/)  Moicieuict*.  (o        Cerambvcidm :  (65)  Bhagimn 

inquisitor,  F.  (Sid.)  ,  (bb)  racny  ,  Chrysorrwlida  : 

Strangalia  melanura,  L.,  very  ab  (Sid.)     68)  J  mg 
(69)  Cryptocepbalus  senceus,  L.  ;  (ft)  Loccineuzam.  k  l 
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Scriba.  C.  Hymenoptera—  (a)  Tenthredinidce :  (71)  Tenthredo  bifasciata,  L., 
ab.  ;  (72)  T.  notha,  EX,  not  rare  ;  (73)  T.  tricincta,  F.  ;  (74)  T.  sp. ;  (75) 
T.  annulata,  F.  ;  (76)  Selandria  serva,  F.,  very  freq.  ;  (77)  Athalia  rosce,  L.  ; 
(78)  Hylotoma  rosarum,  F.  ;  (79)  H.  cccrulescens,  F.  ;  (80)  H.  ustulata,  L.  ; 
(81)  H.  vulgaris,  EX  ;  (82)  H.  femoralis,  Kl. ;  (83)  Cimbex  sericea,  L.,  not  rare 
(Sid.)  ;  (b)  Ichneumonidai :  (84)  Numerous  species  ;  (c)  Sphegidce:  (85)  Crabro 
lapidarius,  Pz.  ?  <?,  freq.  ;  (86)  Or.  vagus,  L.  $  <J  ;  (87)  Cr.  cribrarius,  L.  $  £  ; 
(88)  Oxybelus  uniglumis,  L.,  ab.  ;  (89)  Philanthus  triangulum,  F.  ?  ;  (90) 
Gorytes  campestris,  L.  ?  ^,  not  rare  ;  (91)  Dinetus  pictus,  F.  $  ,  ab. ;'  (92) 
Mimesa  bicolor,  Sli.  (Tliur.)  ;  (93)  M.  unicolor,  v.  d.  L.  (Thur.)  ;  (94)  'p0m- 
pilus  viaticus,  L.  $ ;  (95)  P.  pectinipes,  v.  d.  L.  $  ;  (96)  Priocnemis  exaltatus, 
F.  (Thur.)  ;  (97)  Ceropales  maculata,  F.,  not  rare  ;  (98)  Tiphia  femorata,  F.,  ab.  • 
(d)  Vespkhv:  (99)  Odynerus  parietum,  L.,  ab.  ;  (100)  0.  sinuatus,  F.  ;  '(101) 
0.  trifasciatus,  F.  $  ;  (102)  Vespa  rufa,  L.  ?  ;  (103)  V.  holsatica,  F.  $\  (104) 
V.  vulgaris,  L.  $  ;  (e)  Apidw  :  (105)  Prosopis  armillata,  Nyl.  $  ■  (106)  Hal- 
ictus  cylindricus,  F.  $,  covered  with  pollen  on  the  whole  hairy  ventral  sur- 
face ;  (107)  H.  leucopus,  K.  J  ■  (108)  H.  flavipes,  F.  ?  ;  (109)  Andrena 
nana,  K.  ?)S.;  (110)  A.  fucata,  Sm.  ?,ab.,s.  and  c.p.  •  (111)  A.  coitana, 
K.:?,  not  rare  (Sid.)  ;  (112)  A.  Eos*,  Pz.  ?,  freq.  ;  (113)  Sphecodes  gibbus 
^  c?,  s.  ;  (114)  Nomada  ferruginata,  K.  $,s.  ;  (115)  Megachile  centuncu- 
lans,  L.  ?,  c.p.  ;  (116)  Bombus  terrestris,  L.  ?,  c.p.  ;  (117)  Apis  meUifica 
No  &6og    °'P'         HemiPtera-(118)  Several  bugs.    See  also  No.  590,  1,  and 

195.  Daucus  Cakota,  L.  :— 

Visitors  :  A  Diptera-(a)  Stratiomyidm  ,  (1)  Stratiomys  Chameleon,  De" 

mtJ?  M  ?PT;  Mf;>  (h)  Bomh^--  (3)  Anthrax  flava  Hff 

Thur.)  ;  (C)  Syrphidce :  (4)  Pipizella  annulata,  Macq.  ;  (5)  Pipiza  Whris  F  • 
(6)  Chrys°ga,ter  viduata,  L.  ;  (7)  Cheilosia  soror,  Zett.  ;  (8)  Syrphus  pyr^tri' 

gnca,  F  (12)  Enstahs  sepulcrahs,  L.  ;  (13)  E.  arbustorum,  L.  ;  (14)  Helo 
phdus  floreus,  L  ;  (15)  Syritta  pipiens,  L.  ;  (rf)  Muscidce :  (16)  GymnoTo™ 
rotundata,  L. ;  (17)  Sarcophaga albiceps,  Mgn.  (Thur)  ■  (18)  sliS 
(19)  Species  of  Sepsis.  B.  Coleoptera^L^  oAXe^S ' 
pmelhe,  F  •  (*)  Lamellicomia :  (21)  Trichius  fasciatus,  L.  l^  Ektt^ida  '- 
(22)  Azotes  sputator,  L.  (Thur.)  ;  (23)  A.  ustulatus,  Schall  r  (Thur  £ \ 
A  galhcus,  Lap.  (Thur.);  (d)  Malacodermata :  (25)  Dasytes  vlmtl  v 

vanabilos,  Schr.  ?;  (e)  Fespidoe;   (48)  Odynerus  sinuatus,  F.  9  . 
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(/)  Apidai :  (49)  Prosopis  variegate,  F.  $  (Thur.)  ;  (50)  P.  sinuata,  Schenek, 
£  ;  (51)  Sphecodes  gibbus,  L.  9  ;  (52)  Halictus  albipes,  F  ^  ;  (53)  H.  inter- 
ruptus,  Pz.  $  (Thur.)  ;  (54)  H.  i'ulvicornis,  K.  $  ;  (55)  Andrena  parvula,  K.; 
(56)  A.  nana,  K.  ? ,  s.  ;  (57)  Nomada  lateralis,  Pz.  $  (Tlmr.).  D.  Lepidop- 
tera — (a)  Rhopalocera  :  (58)  Hesperia  lineola,  0.,  s.  ;  (b)  Tineina :  (59)  Nemo- 
toifij  Hbn.,  sp.,  s.  E.  Hemiptera — (60)  Tetyra  nigrolineata,  L.  (Thur.),  ab. 
F.  Neuroptera — (61)  Hemerobius.    See  also  No.  590,  1. 

Daucus  (Orlaya)  grandiflora,  Hoffrn. — This  species  has  three 
different  kinds  of  flowers,  all  differing  in  form  and  degree  of 
conspicuousness  :  (1)  In  the  centre  of  the  umbellule  the  florets 
are  male  only,  and  have  small  incurved  petals  ;  (2)  at  the  edge  of 
the  umbellule  the  florets  are  asexual,  and  the  outermost  petal  is 
greatly  enlarged;  (3)  at  the  margin  of  the  whole  umbel  are 
female  florets,  in  which  the  outer  petals  attain  a  gigantic  size 
(590,  L). 

Caucalis  daucoides,  L„  is  visited  by  Tetyra  nigrolineata,  L. 
(Hemiptera)  (590,  I.). 

196.  Caucalis  (Torilis)  Anthriscus,  L.  :— 

Visitors  :  A.  Diptera — (1)  Gymnosoma  rotundata,  L.,  freq.  B.  Hymenop- 
tera— (a)  Tenthredinidm  :  (2)  Tenthredo  notba,  Kl.  (Tekl.  B.)  ;  (b)  Sphegidw  : 
(3)  Crabro  vagus,  L.  ?  ;  (4)  Oxybelus  bellicosus,  01.  ;  (5)  0.  uniglumis,  L., 
ab.  ;  (6)  Ceropales  maculata,  F  S  $ ,  ab.  ;  (c)  VespidcB :  (7)  Odynerus  pari- 
eturn,  L.  ;  (d)  Apidce  :  (8)  Prosopis  variegata,  F  C.  Lepidoptera— (9) 

Pieris  rapss,  L.    See  also  No.  590,  i.1 


REVIEW  OF  THE  TJMBELLIFER/E. 

A  survey  of  the  Umbelliferae  and  their  insect-guests  proves 
most  definitely  that  in  flowers  otherwise  constituted  alike  the 
visitors  vary  in  abundance  and  variety  in  proportion  to  the  con- 
spicuousness of  the  flowers.  For  our  comparison  we  must  naturally 
choose  flowers  that  have  been  observed  to  much  the  same  extent. 
If  we  select  a  number,  e.g.  jEgopodium,  Carum,  Pimpinclla 
Saxifraga,  Hemchum,  Torilis,  Anthriscus  silvestris,  Daucus,  and 
Chcerophy'llum  temulum,  and  arrange  them  in  the  order  of  con- 
spicuousness, this  arrangement  will  not  differ  materially  from  the 
following,  in  which  they  are  placed  according  to  the  number  of 

)  The  following  additional  species  are  discussed  in  my  Alpenilumm  .—Suplmmm 
I      cLrophylhtm  Villarsii,  Koch.  ;  Gaya  simplex,  Gaud.  ;  LoseonUu,,, 
lltrvSm  Lam  Mntellina,  Gartn.  ;  Pmeedanum  Ostruthzwm,  L.    Lists  of 

hvrmtum,  hum.  ,  Mt  Bcobachtungcn,  pt.  1.  ;  -  EM  us  1 

£  ;  ^XrSifolml,  L.;  Thysselwm  plustre,  Hoffm. 
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different  species  of  their  insect-guests:  1.  Hcraclcum  (118);  2. 

jEgopodium  (104);  3.  Anthrisms  silvcstris  (73);  4.  Daucus  Garota 

(61) ;  4.  Carum  carui  (55)  ;  6.  Chccrophyllum  temulum  (23)  and 

Pimpinella  Saxifraga  (23) ;  7.  Torilis  (9). 

Those  insects  which  are  most  specialised  for  obtaining  honey 

are  the  least  frequent  visitors  of  Umbelliferae.  On  most  Umbel- 
lifers  butterflies  are  never  seen,  and  on  the  others  only  rarely. 
In  cases  where  I  saw  them  on  several  flowers  one  after  another 
sinking  their  proboscides  on  to  the  fleshy  disk,  I  have  set  them 
down  as  sucking;  but  the  point  may  be  reserved  whether  they 
really  can  suck  up  honey  off  the  flat  surface,  or  were  tearing  the 
disk  with  the  sharp  appendages  of  the  proboscis  and  sucking  the 
juice  set  free,  or  whether  they  were  only  looking  for  honey 
unsuccessfully. 

We  find  on  Umbellifers,  on  the  one  hand,  the  least  specialised 
genera  of  bees  {Prosopis,  Sphecodes,  Halictns,  Andrena)  licking 
the  flat  layer  of  honey  or  gathering  pollen,  and,  on  the  other 
hand,  the  most  diligent  forms  {Apis,  Bombus)  collecting  pollen, 
or  more  rarely  sucking  honey. 

The  odour  of  Umbellifers  is  shown  to  be  of  marked  influence 
on  bees'  visits,  as  the  strong-smelling  umbels  of  Anetlmm  graveohns 
are  visited  with  special  preference  by  the  equally  strong-smelling 
species  of  Prosopis.  The  great  majority  of  the  visitors  of  Umbellifers 
are  short-lipped  flies,  beetles,  wasps,  and  other  short-lipped  insects 
in  immense  variety.  As  a  peculiarity  which  influences  this 
assemblage  of  insects,  I  must  mention  the  yellowish  colour,  for 
I  have  never  found  the  flowers  of  Bupleurum,  Silaus,  or  Pastinaca 
visited  by  beetles.  These  seem  to  be  mainly  attracted  to  flowers 
by  bright  colours. 

Rare  Umbellifers,  confined  to  particular  localities,  have  rare 
insects  as  their  visitors. 


Orb.  ARALIACEjE. 

Hcdcra,  L,  is  proteranderous,  according  to  Delpino,  and  is 
fertilised  by  flies  (177).  I  bave  seen  it  visited  also  by  beetles  and 
by  wasps  (590,  I.). 


Ord.  CORNACEjE, 


197.  Cornus  sanguinea,  L. — The  fleshy  ring  surrounding 
t  he  base  of  the  style  secretes  honey,  which,  lying  open  on  the  flat 
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surface,  is  much  more  easily  licked  up  by  the  tongues  of  short- 
lipped  insects,  or  by  the  end-flaps  (labellce)  of  Diptera,  than  by 
the  long  proboscis  of  bees.  I  have  never  seen  bees  upon  the 
flowers  of  0.  sanguinea,  although  they  may  occasionally  frequent 
them  for  the  sake  of  pollen  or  even  honey  ;  but  I  have  noticed 
many  other  insects  licking  the  honey  on  these  flowers.  ^ 

Since  the  anthers  are  developed  at  the  same  time  as  the 
stigma,  and  since  they  open  inwards  and  stand  on  a  level  with 
it  at  a  little  distance,  the  insect,  alighting  on  the  flower  and 
bending  its  head  doAvn  to  the  fleshy  disk,  generally  touches  the 
stigma  with  one  side  of  its  head  or  body  and  one  or  two  anthers 
with  the  other;  and  so  passing  from  flower  to  flower,  and  touching 
the  stigma  now  with  one  side  of  its  head  now  with  the  other, 


FlG.  05.—  Cornus  lanyuinea,  L. 

I  .—Flower,  from  above. 
2.— Ditto,  iu  side  view. 


it  produces  cross-fertilisation,  especially  as  in  its  movements  it 
touches  anthers  and  stigmas  with  its  legs  or  the  underside  of  its 
bodv  Only  the  smaller  insects  {Nitidulidm,  Byturus,  small  DWUra) 
"lib  creep  about  irregularly  in  the  flowers  can  occasion  self- 
fertilisation  also.  In  default  of  insect-visits,  pollination  and  even 
^"nation,  may  here  and  there  occur  by  the  stigma  acci- 
dentally touching  an  anther  of  a  neighbouring  flower. 

tt-  -+™  •  A  Ooleot)tera-(a)  Nitidulidm:  (1)  Thalycra  sericea,  Er.;  (2)  Meli- 
2     S  Byturus  furuatus,  F.;  (c)  Elated  :  (4)  Dolopxus 

gethes  ;  (6)  D»  ^Jtho^  nier,  L.  ;  (d)  CurcuNoniche  :  (6)  Otiorhynchus 
margma£s  ^  >  VJ*™  ^  'Str{^aia  atra,  P.  ;  (8)  Str.  armata,  Hbst. ; 
?rSltt™t?L  Graxnmopteraluric^F.  ;  (11)  G,  levis  F.;  (/) 

^^^^^^  v aU  the  visitors  were  8 

honey  on  the  fleshy  disk.    See  also  No.  59°, 
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Oed.  caprifoliageje. 

198.  Adoxa  Moschatellina,  L.— The  flat,  exposed  layer  of 
honey  limits  or  prevents  the  visits  of  long-tongued  insects,  while 
the  greenish-yellow  colour  of  the  flowers  must  cause  them  to 
remain  unnoticed  by  most  flower-haunting  Coleoptera.  As  in 
other  flowers  of  a  similar  colour  and  displaying  their  honey  in  a 
similar  way,  the  visitors  are  exclusively  or  almost  exclusively 
■Oiptera  and  Hymenoptera,  which  in  this  case  are  specially 
attracted  by  the  musky  smell.  The  honey  is  secreted  by  a 
fleshy  ring  surrounding  the  bases  of  the  stamens.    The  stamens 


i. 

2. 
3. 

from 
4. 
5. 
6. 
a 

J>',  811 


Fio.  96.—  Adoxa  MoschateJlhia,  L. 
—Apical  flower,  from  above  fx  3i> 
—Ditto,  from  below 

^Ir4  fl0Trv0t  ^  matWe'  UDf°ldCd  artiflda,ly :  iS  *»  -ewe, 

—Ditto,  from  behind  vieweu 

lateral  flowers      Tnspl  !  *'  and  out™^  m  the 

bring  their ™t  and  nr  bo  T    "g  ^  ^  ^  ^scence 

-ith'stigma  1 ^Zf  Z   7  »™  With  anthers  ^ 

^IderLe'rdE^^  *        case  of  the 

^*^^,l^t^^la  ImtCl1  °f  Ad°-  vfsited  rather 
of  „„   fl         "  }" '""""T  (A'"'i17'  1872).    I  caught 

U 
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1^—4  mm.  long.,  11  specimens;  (c)  Simulicke :  (3)  Siniulia  sp.,  14  speci- 
mens ;  {d)  Cecidomyidce  :  (4)  various  species,  10  specimens.  B.  Hymenoptera— 
(a)  Pteromalini:  (5)  Eulophus,  J,  1  specimen  ;  (6)  seven  other  species, 
9  specimens;  {b)  Ichneumonidce :  (7)  Pezomachus,  Grav.,  two  species,  2  spe- 
cimens. C.  Coleoptera—  Curculionidce :  (8)  Apion  columbinum,  Grin.,  3 
specimens.  Many  of  these  small  guests  scrambled  over  the  inflorescence,  others 
flew  from  flower' to  flower  ;  all  licked  the  thin  layer  of  honey,  and  none  were 
feeding  on  the  pollen. 

199.  Sambuctjs  nigka,  L.— I  have  never  found  honey  in  the 
flowers.  The  relative  positions  of  the  essential  organs  are  as  m 
the  following  species,  save  that  the  stamens  diverge  still  more 
widely.  Many  flowers  are  aggregated  together,  and  the  corymb 
is  here  so  large  and  conspicuous  that  enlargement  of  the  marginal 
flowers  is  unnecessary.  The  flowers  are  much  less  visited  by 
insects  than  those  of  the  Guelder-rose,  and  I  have  never  found 
pollen-collecting  bees  upon  them.    It  would  be  premature  to 


Fia  'J7.  —  Sa/nibueiu  nigra,  h, 

l.—Flower,  from  the  front. 

2  —Ditto,  obliquely  from  Hie  front  and  side. 

3— Ditto,  obliquely  from  behind,   (x  3J.) 

conclude  from  this  that  the  strong  scent  of  the  flowers  is 
distasteful  to  bees,  for  I  have  frequently  found  bees,  and  even  the 
hive-bee,  visiting  Buta  graveolens,  in  regard  to  which  Delpino 
advanced  the  same  opinion.  Fertilisation  is  effected  in  the 
same  way  as  in  the  previous  species ;  but  as  cross-fertdisation 
is  less  perfectly  insured,  self-fertilisation  takes  place  much  more 
freely,  pollen  falling  directly  upon  the  stigma  in  many  flowers. 

at-  rf«ra  ■  A  Dintera-(«)  Stratiomyidcc  :  (1)  Sargus  cuprarius,  L.  ;  (6) 
Visitors:  A.  JJiptera    w  J  ^mm\im  L  :  (4)  E.  tenax, 

^mlridm  ■  (2)  Eristalis  arbustorum,  L.  ;  (3)  E.  nemorum,  u.  ,  w  . 

Byrp/naa.  w  *  Volucella  pellucens,  L.,  all  f.p.  B. 

L  ;   (5)  E.  horticola,  Mgn.  lorn.;  ,  \yj   »  r  Trichius 

S***»  MMm,  L.-The  flowers  «^ 
Mve-bees,  bumble-bees,  and  Syrph.d*  (VolwxUa)  (609,  p.  •>■>-  , 
in  Low  Germany  by  Diptera  (590,  m\). 
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200.  Viburnum  Opulus,  L.— The  flowers  are  aggregated  in  a 
flat  corymb,  whose  marginal  flowers  have  the  petals  greatly  enlarged 
at  the  expense  of  the  essential  organs.  They  thus  attain  conspicuous- 
ness,  useless  to  themselves,  but  of  the  highest  importance  to  the 
community,  as  Sprengel  correctly  explained  (702,  p.  159).  When 
the  flowers  expand  (Fig.  98,  2)  the  anthers  have  already  begun  to 
dehisce,  and  the  stigmas  are  already  so  far  developed  that  if  pollen 
be  applied  to  them  it  adheres  easily  and  in  large  amount.  Shortly 
afterwards  the  anthers  become  covered  all  round  with  pollen,  and 
protrude,  diverging,  from  the  flower,  while  the  stigmas  remain  in 
the  base  of  the  flower  close  above  the  ovary,  whose  upper  surface 
secretes  honey.    The  honey  is  fully  exposed,  and  forms  a  flat, 
adherent  layer,  so  that  it  is  only  attractive  to  flies  and  other 


Fig.  9S. — Viburnum  Opulus,  L 

9~v„w?!ffllfl0Wer'  fromJlb°ve>  showing  rudimentary  pistil  and  stamens  (x  21) 
2.— Fertile  flower,  soon  after  expansion  (x  4g)  1  3'- 

S.-Ditto,  after  removal  of  the  anterior  part  of  the  corolla  and  stamens  (x  4§). 

short-lipped  insects;  the  pollen  attracts  both  flies  and  pollen- 
collectmg  bees;  the  white  colour  of  the  flowers  makes  them 
attractive  to  beetles,  some  of  which  are  very  destructive  visitors 
lhe  most  frequent  visitors  and  the  most  efficient  fertilisers  are 
also  those  which  get  most  benefit  from  the  flowers,  viz  flies 
which  by  turns  suck  honey  and  feed  on  pollen.    As  each  flower 

Averse  the  corymb ;  and  they  repeatedly  effect  fertilisation, 
which  is  usually  cross-fertilisation,  since  in  each  flower  anthers 

inl ? 7- C°me  iD  C°ntaCt  With  different  P^s  of  the 
not  i„  w  Pfb0SC,S-  In  abSGnCe  °f  insects<  ^elf-fertilisation  is 
sti^n /  r'  m  Sp,'te  °f  the  diver^nce  of  the  stamens,  the 
stigma  comes  to  he  in  many  flowers  immediately  below  an  anther. 

u  2 
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Visitors  :  A.  Diptera—  (a)  Syrphidce  :  (1)  Eristalis  arbustorum,  L.  ;  (2) 
E.  nemovum,  L.  ;  (3)  E.  sepulcralis,  L.  ;  (4)  E.  tenax,  L.  ;  (5)  Helophilus 
floreus,  L.  ;  (6)  H.  pendulus,  L.,  all  ab.,  s.  and  f.p.  ;  (b)  Muecida  :  (7)  Ecbino- 
myia  fera,  L.  B.  Hymenoptera— Apidm :  (8)  Halictus  sexnotatus,  K.,  c.p. 
C.  Coleoptera—  (a)  Nitidulidce  :  (9)  Meligethes,  ab.  ;  (b)  Lamellicornia :  (10) 
Phyllopertha  hordeola,  L.,  feeding  on  the  petals  and  other  parts  of  the  flower. 
See  also  No.  590,  in. 

201.  Symphoricarpos  racemosus,  Michx. — The  flowers  of  the 
Snowberry  seem  to  be  specially  adapted  for  wasps,  like  those  of 
Scropktolaria.  The  corolla  is  pendulous,  bell-shaped,  and  of  a 
reddish  colour,  7  to  8  mm.  long  and  5  mm.  wide,  cleft  nearly  to 
the  middle  into  five  lobes.  A  wasp's  head  (5  mm.  broad,  2  to  2| 
mm.  thick)  can  be  conveniently  accommodated  in  it,  and  in  point 
of  fact,  wasps,  in  places  where  they  are  abundant,  are  the  most 

numerous  visitors  of  this  plant.  The 
wasp  hangs  below  the  flower,  thrusting 
in  its  head  and  licking  the  honey  which 
is  secreted  very  abundantly  by  the  fleshy 
swelling  at  the  base  of  the  style.  The 
honey  collects  in  the  base  of  the  flower 
and  on  the  inner  wall  of  its  dilated  lower 
portion  ;  it  is  prevented  from  flowing  out 
"S^S^W  by  long  clo.e  hairs  upon  the  five  lobes  of 
1  _Fiower,  viewed  from  the  side,  COrolla   extending  inwards  to  the 

S.-Ditto>in  section.  ^  ^  ^  from 

rain  both  by  these  hairs  and  by  the  obliquely  pendulous  position 

of  the  flower.  . 

In  the  lowest  part  of  the  hairy  lining,  viz.  that  nearest 
the  mouth  of  the  flower,  are  the  five  anthers,  which  dehisce 
introrsely  and  converge  towards  the  centre  of  the  flower  ;  the 
filaments  are  attached  to  the  corolla  near  its  middle.  Immediately 
above  the  hairs,  in  the  middle  of  the  flower,  stands  the  stigma, 
which  ripens  at  the  same  time  as  the  anthers.  As  the  wasp  thrusts 
its  head  wholly  into  the  flower,  it  comes  at  once  m  contact  with 
all  five  anthers  and  then  touches  with  one  side  the  stigma  but ^on 
its  way  to  the  stigma  little  or  no  pollen  remains  attached  to  it,  partly 
ZJ*  the  pollen  is  very  slightly  adhesive,  and  par^  because  any 
trains  that  do  attach  themselves  are  brushed  off  befoie  they 
fea  h  the  stigma  by  the  hairs  lining  the  corolla.  It  is  only  when 
betgwil^ 

a  &1  coating  of  pollen  to  be  carded  to  the  stigma  0  he  ne  t 
flower     Thus,  in  case  of  wasps'  visits,  cross-fertilisation  is  msuiecl , 
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in  absence  of  insects,  self-fertilisation  cannot  well  occur  owing  to 
the  relative  positions  of  anthers  and  stigma. 

Visitors :  Hymenoptera — (a)  Vesjndm :  (1)  Vespa  holsatica,  F.  ;  (2)  V. 
media,  Degeer  ;  (3)  V.  saxonica,  F.  ;  (4)  V.  rufa,  L.  ;  (5)  Polistes  gallica,  L. 
and  var.  diadeina  ;  in  Thuringia  these  five  species  make  nine-tenths  of  all  the 
visitors  ;  in  Lippstadt,  where  wasps  are  much  less  abundant  and  Polistes  does 
not  occur,  the  honey-bee  preponderates ;  (6)  Odynerus  sp.,  bit  holes  in  the 
corolla  and  introduced  its  head  ;  (b)  Apidce :  (7)  Apis  inellifica,  L.  $ ,  ab.  ;  (8) 
Bombus  agrorum,  F.  $  ;  (9)  B.  pratorum,  L.  $  ;  (10)  B.  muscorum,  F.  $ ,  all 
three  species  scarce  ;  (11)  Eucera  longicornis,  L.  £ ;  (12)  Megachile  centun- 
cularis,  K.  ^,alls.  ;  (13)  Halictus  sexnotatus,  K.  $,  s.  and  c.p.  ;  (c)  Sphegidce  : 
(14)  Ammophila  sabulosa,  L.,  s.    See  also  No.  590,  m. 

Linncea  borealis,  Gron. — 'The  position  of  the  flower  shelters  the 
honey  from  rain,  and  hairs  on  the  interior  of  the  corolla  exclude 
many  small  insects.  Five  purple  lines  on  the  interior  of  the 
corolla  and  a  patch  of  orange  colour  on  its  inferior  side,  near  the 
base,  act  as  honey-guides.  Cross-fertilisation  is  favoured  by  the 
position  of  the  stigma  in  advance  of  the  anthers  (609,  Fig.  158). 


1.— Flower,  from  the  side 
— Ditto,  from  the  front. 


Fig.  100.— Lonicera  Cayrifolium,  L. 

Nat.  size.   The  figure  should  bo  horizontal. 


fertilLn        1      CAPBIFOLIUM,L.-The  flowers  are  adapted  for 

SS^^rt  7  l0n^ued  creP— 1-  ««1  -cturnal 
^epidoptera.    They  bloom  at  the  season  when  hawk-moths  are 
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most  abundant   (May,  June),'  they  expand   and   exhale  their 
perfume  most  strongly  in  the  evening,  and  they  conceal  their 
honey  in  so  long  and  narrow  a  tube  that  Lepidoptera  alone  of  our 
native  insects  are  able  to  reach  it.    The  tube,  whose  inferior  fleshy 
part  secretes  honey  along  its  middle  line,  is  about  30  mm.  long, 
and  for  the  greater  part  of  its  length  only  1  to  2  mm.  wide,  and 
still  further  narrowed  by  the  style ;  while  the  longest  proboscides 
among  our  native  bees  measure  21  mm.  (Bombus  hortorum  and 
Anthophora  pilipcs),  and  among  our  flies  only  11  to  12  mm. 
(Rhingia,  Bombylms  discolor).    Certainly  the  tube  becomes  filled 
to  past  the  middle  with  honey  so  that  even  insects  with  a  proboscis 
15  mm.  long  can  reach  part  of  it ;  but  this  depth  of  honey  is  only 
attained  in  the  evening,  when  bees  and  flies  have  ceased  to  seek 
their  food.    I  have  never  seen  bees  or  flies  sucking  on  this  honey- 
suckle ;  and  it  is  all  the  more  plentifully  visited  by  hawk-moths  on 
the  warm,  calm  evenings  of  May  and  June.    I  caught  ou  a  single 
plant  on  May  27  and  29,  1868  :— 

Lepidoptera—  (a)  Sphingklm :  (1)  Sphinx  convolvuli,  L.  (65—80),  2  speci- 
mens ;  (2)  S.  ligastri,  L.  (37—42),  6  specimens  ;  (3)  S.  pinastri,  L.  (28—33), 
5  specimens ;  (4)  Deilephila  elpenor,  L.  (20—24),  17  specimens ;  (5)  D. 
porcellus,  L.  (20),  1  specimen  ;  (6),  Smerinthus  tilise,  L.  (23),  1  specimen ; 
(6)  Noctuce:  (7)  Dianthcecia  capsincola,  S.  V.  (23—25),  2  specimens;  (8) 
Cucullia  umbratica,  L.  $  (18—22),  2  specimens  ;  (9)  Plusia  gamma,  L.  (15), 
1  specimen  ;  (c)  Bombyces :  (10)  Dasychira  pudibunda,  L.  (0),  1  specimen. 

SmerintJms  Mice  and  Dasychira  pudibunda  which  have  com- 
pletely aborted  proboscides  were  doubtless  attracted  by  the  smell 
only,  without  having  anything  to  gain  from  the  plant;  Plusia 
gamma  might  sip  a  little  honey  from  untouched  flowers,  and  the 
four  preceding  species  might  drink  deeply,  but  only  the  first  three 
could  drain  the  honey.    I  examined  the  specimens  I  had  collected 
not  only  with  reference  to  the  length  of  their  tongues  but  also 
with  reference  to  the  extent  to  which  they  were  dusted  with 
pollen.    In  all  (except  the  two  last  short-lipped  species),  at  least 
the  hairs  upon  the  palps  which  cover  the  base  of  the  proboscis 
were  richly  covered  with  pollen;   and  in  several  of  the  larger 
species  the  hairs  and  scales  on  the  whole  of  the  under  side  of  the 
body  from  the  head  to  the  middle  of  the  abdomen,  including  the 
proboscis,  antennas,  legs,  and  wings,  were  thickly  dusted.  The 
most  richly  coated  were  individuals  of  the  first  three  Sphingidse, 
which  had  flown  violently  away,  while  Bianlhcecia,  Cumllia,,  and 
Plusia  were  the  least  so.    The  pollen-grains  are  rounded  tetrahedra, 
■047  mm  in  diameter;  they  adhere  to  the  hairs  and  scales  of  the 
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insect  and  afterwards  to  the  stigma  by  their  sticky  surface,  and 
by  the  aid  of  small,  sharp  processes  with  which  they  are  thickly 
covered. 

The  visits  of  the  above-named  Lepidoptera  result,  in  spite  of 
the  simultaneous  development  of  anthers  and  stigma,  regularly  in 
cross-fertilisation,  in  consequence  of  the  position  of  the  stigma  in 
advance  of  the  anthers.  The  stamens  project  about  15  to  18  mm. 
and  the  style  about  25  mm.  beyond  the  mouth  of  the  flower ;  both 
are  slightly  curved  upwards  at  their  ends,  and  the  pollen-covered 
faces  of  the  anthers  are  turned  upwards.  Lepidoptera,  whether 
they  alight,  or  suck  the  honey  while  poised  in  the  air,  must 
touch  first  the  stigma  and  then  the  anthers  with  their  ventral 
surfaces. 

On  warm,  calm  evenings,  insect-visits  are  so  abundant  that  on 
the  following  day  all  the  flowers  are  found  to  have  had  their  pollen 
entirely  removed.  On  the  other  hand,  on  clays  following  cool, 
windy  evenings,  the  flowers  display  abundant  pollen,  which  is  then 
gathered  by  bees  and  flies. 

On  such  .days  -  I  have  found  the  honey-bee  and  Halictus 
seonnotahis,  K.  ?,  busy  collecting,  and  several  Syrphidse,  Xylota 
segnis,  L.,  Rhingia  rostrata,  L.,  and  Syrphus  ochrostoma,  Zett.,  busy 
feeding  on  the  pollen  which  remained  upon  the  anthers.  These 
secondary  visitors  occasionally  effect  fertilisation,  but  they  must 
perform  self-fertilisation  as  readily  as  cross-fertilisation,  and  at  any 
rate  the  flower  has  not  been  adapted  for  them. 

Lonicera  ccerulea,  L.— The  yellowish-white  flowers  are  adapted 
for  humble-bees,  by  which  they  are  chiefly  visited  and  fertilised. 
The  tube  is  over  10  mm.  long  and  pendulous.  The  stigma  stands 
well  in  advance  of  the  anthers,  favouring  cross-fertilisation  j  but  in 
the  absence  of  insects,  pollen  may  easily  fall  on  the  stigma  and 
effect  self- fertilisation  (609). 

Lonicera  Peridymenum,  L.— The  general  structure  of  the  flower 
resembles  that  of  L.  Caprifolium,  and  the  plant  is  visited  and  fer- 
tilised by  the  same  hawk-moths.  The  tube,  however,  is  only 
22  to  25  mm.  long,  so  that  the  honey  as  soon  as  it  has  collected 
to  the  depth  of  a  few  millimetres  is  accessible  to  many  of  our  bees. 
On  July  17,  1867,  I  saw  Bombus  hortorum,  L.  ?  (21  mm  )  sucking 
honey  from  some  flowers  of  L.  Peridymenum.  The  bee  wasted 
considerable  time  in  obtaining  a  convenient  position  for  sucking 
and  it  crawled  from  the  broad  upper  lip  to  the  mouth  of  the  tube 
without  touching  the  stigma  and  anthers  ;  and  the  amount  of 
honey  it  obtained  must  have  been  small,  for  after  visitino-  a  few 
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Fig.  101.—  Lonicera  coerulea,  L. 

A.  —  Pair  of  pendulous  flowers  (x  3). 

B.  — Flower  in  section  (x  4). 
(Bergiin,  June  9,  1879.) 
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flowers  it  flew  away,  though  the  plants  were  in  full  bloom.  Bees, 
therefore,  are  only  accidental  visitors,  which  have  had  no  influence 
in  developing  the  special  characters  of  the  flower.1 

203.  Lonicera  tatarica,  L. — Honey  is  secreted  and  lodged  in 
the  shallow  pouch  at  the  base  of  the  tube,  which  is  6  to  7  mm.  long. 
Stigma  and  anthers  are  matured  simultaneously,  and  protrude  from 
the  flower  in  close  proximity  with  one  another,  the  stigma  being 
slightly  overtopped  by  the  anthers.  An  insect-visitor  inserts  its 
head  between  the  anthers  and  stigma,  and  so  dusts  one  side  with 
pollen  while  the  other  comes  in  contact  with  the  stigma.  The 
flowers  stand  unsymmetrically  in  pairs,  causing  the  insect's  head  to 
enter  in  various  positions  and  so  favouring  cross-fertilisation.  When 
the  stigma  is  thrust  aside,  its  opposite  side  usually  comes  in  contact 
with  those  anthers  which  are  not  touched  by  the  insect's  head,  and 
it  thus  becomes  dusted  simultaneously  with  the  pollen  of  its  own 
flower.  Flowers  are  frequently  found  in  which  the  stigma  is  in 
close  contact  with  one  or  two  anthers,  and  self-fertilisation  doubtless 
often  takes  place  in  absence  of  insects. 

Visitors:  A.  Hymenoptera-^^ (!)  Apis  mellifica,  L.  -  ab.  ;  (2) 
Megachile  centuncularis,  L.  s.  ;  (3)  Andrena  albicans,  k.  ? ,  ries  in  vain 
fV,etjlt   °ney-    R  m^~S^--  W  BMngil  rostra,  ^™ 

Lonicera  nigra,  L.-This  species  is  adapted  for  bees,  which  alight 
not  on  the  under  lip,  which  is  bent  backwards  out  of  the  way,  but 
on  the  style  and  stamens.     The  flowers  are  homogamous.  The 
s  igma  stands   beW  the   anthers,  and  in  absence  of  insect 
self-fertilisation  must  occur  (609,  Fig.  159). 

as  in  Z*^CTflL0STfUM'  L-H°ney  is  secreted  lodged 
as  n  L.  tatanca,  but  the  tube  is  only  3  to  4  mm.  long.   The  anthers 

jmes  l  m  ^  Stlgma-.   Humble-bees  thrust  their  heads  some- 
m    belwttUT6'1"^  t0        °ther'  S°metimeS 

each  flower  oil  J?Jf£  h  *  ^  ^  ^  J» 

other  thl  anthers  so  ?W  V  ,  t0U°heS  the  Stigma  a»d  the 
have  neveS?  fl  CroS^ertd^tion  proceeds  regularly.  I 

never  found  flowers  m  which  the  anthers  stood  in  immediate 

1  See  No.  S9o,  In.  p.  75>  for  a  case  of  .q  ^ 
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contact  with  tlie  stigma ;  but  in  the  absence  of  insects,  self- 
fertilisation  may  result  in  many  flowers  by  pollen  falling  upon  the 
stigma. 

Visitors  :  A.  Hymenoptera — Apidm  :  (1)  Apis  mellifica,  L.  $  ,  very  ab.,  s.  ; 
(2)  Bombus  muscorum,  F.  $ ,  s.  ;  (3)  B.  pratorum,  L.  $  ,  s.  B.  Diptera— (a) 
Empidon :  (4)  Empis  opaca,  F.,  s.,  ab. ;  (&)  Syrphidai :  (5)  Rhingia  rostrata,  L., 
s.  and  f.p. 

The  chief  fertilisers  are  humble-bees,  since  they  never  insert 
their  tongues  into  a  flower  without  touching  stigma  and  anthers 
with  opposite  sides  of  the  head  ;  while  flies  and  the  honey-bee 
never  touch  the  stigma  at  all  in  many  flowers. 

Lonicera  alpigena,  L— This  species  is  fertilised  by  bees  and 
humble-bees,  and  also  still  more  frequently  by  wasps.    It  resembles 


A  pair 


Fin  103.— Lonicera  alpigena,  h. 


Waso-fertilised  flowers  (Scrophularia,  Symphorimrpos,  Spi- 

£52  a  IX  The  floL  U 

in  colour,  like  that  of  ScropUdaria  (609)- 


-■ 
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Wcigelia  (Diervilla)  rosea,  L. — The  flower  is  adapted  for  bees, 

and  undergoes  a  change  of  colour  after  fertilisation  like  Biles 
aureum  (590,  III.). 


REVIEW  OF  THE  CAPKIFOLIACEiE. 


The  small  group  of  Caprifoliacece  is  remarkable  for  the  great 
variety  of  visitors  to  which  nearly  related  plants  have  adapted 
themselves,  chiefly  by  differences  in  the  length  of  the  tube. 
Lonicera  Caprifolium,  L.,  with  a  tube  about  30  mm.  long,  permits 
only  a  few  Lepidoptera  to  reach  the  honey;  L.  Periclymenum,  L., 
in  which  the  tube  is  only  20  mm.  long,  admits  also  a  few  specially 
long-tongued  bees ;  L.  cmrulea,  L.,  with  a  pendulous  corolla  and  a 
tube  over  10  mm.  long,  is  adapted  for  humble-bees  ;  in  L.  tatarica, 
L.,  and  L.  Xylosteum,  L.,  the  length  of  the  tube  falls  to  7  to  3  mm', 
and  certain  long-tongued  flies,  in  addition  to  a  larger  company 
of  bees,  visit  and  fertilise  the  flowers ;  the  short,  wide  honey- 
receptacles  of  Symphoricarpos  and  Lonicera  alpigena,  L.,  are  easily 
accessible  even  to  wasps,  which  are  attracted  in  great  numbers  by 
the  large  supply  of  honey  ;  Linncea  is  furnished  with  an  infundi- 
buliform  corolla,  but  apparently  attracts,  for  the  most  part,  flies ;  in 
Viburnum  the  honey  is  freely  exposed,  but  only  as  a  flat,  adherent 
layer,  and  the  plant  is  visited  chiefly  by  short-lipped  insects,  e.g. 
flies  and  beetles ;  Sambucus  attracts  a  similar  set  of  insects,  which 
are  less  varied  and  fewer  in  number  owing  to  the  absence  of 
honey;  Adoxa  attracts  only  minute  honey-seeking  insects  In 
case  of  insect-visits,  cross-fertilisation  is  insured  in  all,  but  in  very 
various  ways;  self-fertilisation  in  the  absence  of  insects  is  rendered 
possible  m  those  species  which  are  least  visited.    In  the  least 
specialised  and  most  generally  accessible  Caprifoliacea.  (Adoxa 
Sambucus ,  &c.)  the  flowers  are  white  or  greenish ;  in  those  species 
fertilised  by  wasps  they  are  reddish  (Symphoricarpos)  or  reddish- 
brown  (Lonicera  alpigena,  L.)  ;  in  several  species  of  Lonicera  fer- 
1  lined  by  bees  (e.g.  L.  tatarica)  they  are  bright  red,  in  L.  casrulca 
liey  are  yellowish-white,  but  they  are  pale  in  those  species  which 
have  the  longest  tubes  and  are  adapted  for  crepuscular  Lepidoptera 
v  •  Iwiclymenum,  L.  Caprifolium). 
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Ord.  RUBIACEjE. 

205.  Galium  Mollugo,  L. — A  fleshy  disk  lying  upon  the  ovary 
and  surrounding  the  base  of  the  style  secretes  honey,  but  in  such 
small  amount  that  it  remains  adhering  in  a  very  thin  layer  to  the 
disk.  In  young  flowers  (Fig.  104,  1)  the  anthers  stand  erect  and  are 
covered  all  round  with  pollen,  while  the  two  stigmas  as  yet  lie 
close  together.  Afterwards  the  stamens  spread  out  horizontally, 
and  finally  their  ends  curve  downwards  between  the  petals  outside 
the  flower,  while  at  the  same  time  the  two  styles  diverge  (Fig.  104,  2). 
The  stigmatic  papillse  seem  to  be  as  well  developed  in  the  first 
period  as  in  the  second,  and  are  not  unfrequently  covered  with 
pollen  while  the  stigmas  still  stand  close  together.  The  movement 


FlO.  104.  —  Galium  Mollugo,  L. 


1  —Young  flower,  with  stamens  and  styles  erect. 

2  —Older  ditto.    The  stamens  are  bent  out  of  the  flower,  and  the  styles  have  separated. 

3  —  Centre  of  the  flower,  from  above,  more  magnified. 
a,  two  stigmas  ;  b,  fleshy  disk  above  the  ovary. 

of  the  stamens  seems  therefore  not  to  be  accompanied  by  dichogamy, 
but  to  be  the  sole  contrivance  to  prevent  self-fertilisation  and,  in 
case  of  insect-visits,  to  insure  cross-fertilisation. 

The  thin  layer  of  honey  can  scarcely  tempt  long-tongued  insects 
to  repeated  visits.  The  colour  of  the  flowers,— yellowish -white  in 
the  bud  and  in  the  young  flower,  becoming  purer  white  afterwards, 

 seems  to  repel  all  those  insects,  e.g.  beetles,  which  are  only 

attracted  by  bright  colours.  In  this  relation  a  comparison  of  the 
insect-visitors  of  G.  Molhcgo  and  G.  verum  is  instructive. 

In  this  and  the  following  species  of  Galium  the  pollen  is  con- 
veyed to  the  stigma  chiefly  by  the  feet  and,  in  a  less  degree,  by 
the  proboscides  of  insects  creeping  over  the  inflorescence. 

Visitors  -  A.  Diptera—  (a)  StraiHomyidm :  (1)  Odontomyia  viridula,  F.,  Lh., 
not  rare  •'(&)  Bombylidce :  (2)  Anthrax  flava,  HITs.  (Thur.),  do.  ;  (3)  Systce- 
chus  sulfureus,  Mik.  (Thur.,  Sid.),  s.,  prohably  boring  into  the  nectary ;  (c) 
Syrphidce  :  (4)  Syritta  pipiens,  L.,  ab.,  s.  and  f.p.  ;  (5)  Syrphus  nbesn,  L,  s. 
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and  f.p.,  not  rare  j  ((/)  Muscidcc :  (6)  Musca  corvina,  F.  ;  (7)  Scatophaga 
merdaria,  F.,  s.  ;  (e)  Tijndidcc :  (8)  Pachy'rrhina  crocata,  L.,  s.  B.  Hymenoptera 
— Sphegidce :  (9)  Animophila  sabulosa,  L.  $ ,  once  only, — I  could  not  see 
whether  it  gained  anything  from  the  flowers.    See  also  No.  590,  m. 

Galium  silvestre,  Poll. — This  species  resembles  G.  Mollugo  in 
the  mechanism  of  its  flower;  it  is  frequented  on  the  Alps  by 
Syrphidae  and  by  numerous  Lepidoptera  (No.  609,  Fig.  156). 

206.  Galium  vehum,  L.— The  structure  of  the  flower  agrees 
closely  with  that  of  G.  Mollugo.  Different  individuals  show  a  very 
marked  difference  in  the  size  of  their  flowers  (Fig.  105, 1 — 4)  ;  but 
since  the  flowers  are  rendered  conspicuous  merely  by  aggregation, 
a  diminution  in  their  size  does  not  diminish  the  number  of 
insect-visitors  so  seriously  as  it  does  in  most  cases.  The  apparently 
unimportant  circumstance  that  the  flowers  are  bright  yellow,  and 


Fig.  105. — Galium  verum,  L. 

V0UenJ^Zltty^ZeKd  ^  (X  7)"    TllG  ™th™  ™  °nd  covered  with 

sti^alTZZ^a  d&SEt  Plant-  ShriyeUed  anthers  are  ^  out  of  the  flower ;  the 

S%?Smred  rlaDt;  °lder  than     hut  W  *™  ^  (x  7). 

not  yellowish-white  as  in  G.  Mollugo,  leads  to  the  plant  beinc 
visited  by  Coleoptera  in  addition' to  the  other  orders.  & 
G  verum  is  very  scarce  near  Lippstadt,  and  I  have  only 
watched  its  flowers  once  or  twice  in  Thuringia  and  in  Sauerland  so 
1  have  not  obtained  a  long  list  of  insect-visitors. 

mm^teT^(aKCrTdCE:  (1)  C°n°PS  flavil3es>  L-  (Shi.) ;  (6)  Muscidw 
(2)  Uhdia  erythrophthalma,  Mgn,  ab.,  l.h.  (Th.).   B.  ColLtera    L  T  r 
comm.- (3)  Cetonia aurata,  L., ab.  (Th.  ;  (b)  Elater  dT  (TT~f  Z 
™      L«^,  (5)  LrdeUa  fafctto^F  ^Th  & 

to  ^fUm>  b°reCie'  L'7ThiS  SpedeS  a*rees  with  G-  ^ntre  in  regard 
pes  tLPs°  o f  t"  h°ry'      imperfeCt  P-^- dry,  the  relative 

of  oss  ff  ^  1  "T118  ^  FSti1'  tLeref0re  als°  in  P™bability 
s  11  :,  t  atl°\ln  CaSe  °f  insect"-^ts,  and  the  possibility  of 
sell-fertilisation  m  absence  of  insects  (590,  609). 
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Galium  horeale,  L.,  palustrc,  L.,  and  uliginosum,  L.,  are  all  stated 
by  Axell  to  be  proterandrous  (17). 

Galium  income,  With. — Honey  is  abundant,  but  the  small 
isolated  flowers  are  very  inconspicuous  and  very  little  visited. 
They  cannot  dispense  with  the  power  of  self-fertilisation,  which 
takes  place  regularly,  as  the  stamens  do  not  curve  outwards  till 
they  wither  (590,  III..).1 

207.  ASPERULA  CYNANCHICA,  L. — Honey  is  secreted,  as  in 
Galium,  by  a  fleshy  ring  surrounding  the  base  of  the  style,  but  it 
exists  not  as  a  smooth  adherent  layer  but  filling  up  the  base  of  the 
tube  ;  the  latter  is  2  mm.  long.  Anthers  and  stigmas  mature  sim- 
ultaneously.   The  two  stigmas  stand  close  together'  in  the  middle  of 


Fig.  106.— Atperula  cynanchicn,  L. 
1  -Hower,  with  smooth  white  petals,  from  above  (x  7). 
2 -Ditto,  after  removal  of  half  of  ^corolla 
3  -Ditto,  with  rough  petals,  marked  with  red  lines. 
4.— Ditto,  from  above. 

ov,  ovary  ;  n,  nectary;  st,  stigma;  a,  anther. 

the  tube;  the  anthers  converge  towards  one  another  in  the  throat  of 
the  corolla  In  case  of  insect-visits,  cross-fertilisation  is  favoured 
by  this  condition  only,  that  in  consequence  of  the  convergence  of 
the  anthers  the  proboscis  of  an  insect- visitor  is  less  readily  dusted 
with  pollen  in  entering  a  flower  than  in  being  drawn  out,  and  also 
that  the  proboscis  usually  comes  in  contact  with  pollen  on ^  one  side 
only  and'rubs  the  stigma  with  the  opposite  sxde  (of.  Myosrt^ 
In  absence  of  insects,  self-fertilisation  occurs  by  part  of  the  pollen 
£lZ2  the  stigma.  On  sunny  slopes  in  Thuringia  (Muhlberg,  near 
Erfurt)  I  found  this  species  bearing  two  different  forms  of  flowers. 
Sny  plants  had  smooth,  White,  somewhat  obtuse  petals  (Fig.  106, 

i  The  following  additional  species  of  Galium  are  discussed  in  No.  59°,  HL  :  ft 
samtile,  L.  ;  0.  silvalicum,  L. 
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1,  2) ;  on  other  plants,  the  petals  were  rough  on  the  upper 
surface,  marked  with  a  red  elliptic  line,  and  with  another  red 
line  traversing  the  long  axis  of  the  ellipse,  and  were  produced  at 
the  end  into  a  slightly  recurved  point. 

Visitors:  A.  Hymenoptera— Abides :  (1)  Borabus niuscoriun,  F.  (J  (Thur., 
July  8,  1872),  s.  B.  Diptera— BombylidcB :  (2)  Systoechus  sulfureus,  Mik., 
s.  (Thur.,  July  14,  1868).  Additional  visitors  (four  beetles,  six  flies,  two  Lepid- 
optera)  are  enumerated  in  No.  590,  in. 


.      ,,         ,  Fl(;-  107.— Atperula  taurlna,  L. 

w    w2n8?5£0dltfl  "ower-  from  tlle  side. 
a.— nstii  of  the  same  tiower,  with  nectary. 

torpapSSott^  fl'>Wer'  Wlth  tllU  lube  of  tUe  «>«>»*  Solute,  the  stigmas  more  exserted  and 
8tiip.--A  flower,  whose  etigmns  overtQp  the  Wack  sMve]ied  anuierg  ^  ^  ^  ^  rol]en.grftins 

teet"' fro"' «»       (x  r.) 

^linfi^ piant  is  adapted  f°r 

P  ctoptera  by  its  white  colour,  and  by  its  long,  narrow  tube, 
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9  to  11  mm.  long.  The  plant  is  andromonoecious,  and  the  herma- 
phrodite flowers  are  markedly  proterandrous  (609). 

Asperula  azurea  is  adapted  for  diurnal  Lepidoptera  (590,  III). 

Asperula  odorata,  L. — In  the  structure  of  the  flower  and  the 
length  of  the  tube  this  species  closely  resembles  A.  cynancMca. 
The  hive-bee  is  a  frequent  visitor.  Additional  visitors  (four  beetles, 
four  flies,  one  moth)  are  enumerated  in  No.  590,  III. 

Sherardia  arvensis,  L.,  is  gynodicecious  (590,  III.,  605). 

Manettia,  Mut.,  is  very  diligently  visited  by  humming-birds  in 
South  Brazil  (360). 

Gaffea  arabica,  L.,  according  to  Bernouilli,1  produces  in  Guate- 
mala, at  the  beginning  of  the  season,  small  pistillate  fertile  flowers. 
Prof.  Ernst  was  unable  to  discover  these  small  flowers  at  Caracas 

(224)-  .  m 

Brazilian  species  of  Borreria,  Hedyotis,  and  Manettia  are  dimor- 
phic (Fritz  Miiller,  353);  Hedyotis  had  already  been  shown  to  be 
dimorphic  by  Treviranus  (742). 

Mitchella,  Knoxia,  and  Cinchona  are  dimorphic  according  to 
Darwin  (154,  167). 

Chasalia,  Nertera,  Ophiorrhiza,  and   Luculia  are  dimorphic 

according  to  Kuhn  (399). 

Other  heterostyled  Rubiacese  are  mentioned  by  Darwin  m  his 
Forms  of.  Flowers,  where  he  also  discusses  the  passage  from 
heterostyly  to  dicecism  in  this  order. 

Faramca,  AubL— My  brother  Fritz  Miiller  (5  54)  gives  an  account 
of  a  dimorphic  species  of  this  genus,  which  is  of  interest  in  several 
respects.  (1)  It  affords  the  only  known  instance  of  a  striking  dif- 
ference in  the  character  of  the  surface  of  the  two  kinds  of  pollen- 
grains.  The  smaller  pollen-grains,  which  are  produced  m  the 
lon^styled  flowers  (whose  anthers  are  inclosed  in  the  tube),  are 
smooth;  the  larger  pollen-grains  of  the  exserted  anthers  of  the 
short-styled  flowers  are  covered  with  short,  rather  close  points, 
which  prevent  their  being  dispersed  by  a  puff  of  wind.  The  pollen 
of  the  long-styled  flowers,  lying  low  down  in  the  corolla,  is  m  no 
danger  of  being  blown  away.  (2)  In  the  short-styled  form  the 
stamens  twist  round  upon  their  axes,  so  as  to  turn  their  pollen- 
covered  faces  outwards.  The  short  stamens  (of  the  long-styled 
flowers)  do  not  rotate  but  dehisce  on  their  inner  sides ;  and  m  both 
cases  the  pollen  is  thus  placed  in  the  best  position  for  adhering  to 
an  insect's  proboscis  when  inserted  in  the  flower.  But  it  is  a 
very  remarkable  fact  that  this  faculty  of  rotation  is  by  no  means 

1  Bot.  Zcitung,  1869,  p.  17. 
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perfect,  for  many  of  the  long  stamens  do  not  twist  properly,  and 
to  a  great  extent  waste  their  pollen. 

Posoqueria  (Martha)  fra grans,  Roxb.,1  has  been  described  by  my 
brother  Fritz  Miiller  (549). 2  It  affords  a  most  remarkable  example 
of  adaptation  to  Sphingidaa.  The  white  colour  of  the  flowers,  their 
strong  perfume,  the  long,  narrow  tube  11  to  14  cm.  long,  all  point 
it  out  as  such.  The  abundant  honey  at  the  base  of  the  tube  can 
only  be  reached  by  the  tongues  of  Sphingidaa ;  and  only  these 
insects,  e.g.,  S.  rustica,  L.,  whose  proboscis  is  15  mm.  long,  have 
been  seen  to  visit  the  flower  (F.  Miiller,  Oct.  1873). 

The  five  exserted  anthers  are  united  into  an  oval  knob  directed 
obliquely  downwards  and  containing  the  loosely  coherent  pollen 
which  escaped  from  the  anthers  before  the  expansion  of  the  flower. 
The  filament  of  the  inferior  stamen  possesses  a  very  great  elastic 
tension  acting  upwards,  those  of  the  superior  and  lateral  stamens 
have  a  similar  tension  outwards.     The  insect's  proboscis  has  only 
one  available  point  at  which  to  enter  the  flower,  and  when  in  doino- 
so  it  touches  one  of  the  superior  stamens  at  a  certain  spot  the 
tension  of  the  filaments  is  released.    The  inferior  stamen  springs 
up  with  such  violence  that  it  hurls  the  loosely  coherent  polled 
against  the  insect's  proboscis  at  an  angle  of  50°  with  the  tube  of 
the  corolla,  and  with  an  initial  velocity  of  about  3  mm.  per 
second ;  at  the  same  time  it  closes  the  entrance  of  the  tube.  The 
superior  and  lateral  stamens  spring  at  the  same  time  to  the  sides 
the  empty  anthers  of  a  superior  and  a  lateral  stamen  remaining 
coherent  on  either  side.     About  twelve  hours  afterwards  the 
inferior  stamen  extends  itself  again  and  leaves  the  entrance  to  the 
honey  open  once  more.    If  a  hawk-moth,  after  exploding  a  flower 
m  the  male  stage,  comes  to  one  in  the  stage  under  consideration 
it  is  repaid  for  its  startling  reception  in  the  former  case  by  a  rich 
supply  of  honey  ;  and  in  thrusting  its  pollen-dusted  proboscis  down 
to  the  base  of  the  flower  it  brings  it  in  contact  with  the  stigma 
which  stands  m  the  middle  of  the  tube. 

My  brother,  in  his  paper  on  Faramea  (554),  refers  again  to 
Bmpma,  and  points  out  that  most  of  the  flowers  (whofe  only 

that  a  considerable  number  open  at  various  hours  of  the  dav 
— es  even  m  early  morning,  and  that  these  are  exlded 
by  dxurnal   insects  which  cannot  effect  fertilisation.     This  is 

1  GHffilJiia  fragrams,  W.  A 
Wrt^Si^Sta »™  brotherW  °n  Martha  is,  I  think,  one  of  the 
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another  interesting  case  of  an  adaptive  modification  imperfectly 
attained. 

The  Rubiacese  include  more  dimorphic  (heterostyled)  genera 
than  any  other  order.     Darwin  (167)  discusses  many  of  these 
cases,  enumerating  seventeen  dimorphic  genera,  in  addition  to  which 
Chasalia,  Commers.,  Ojphiorrhiza,  L.,  and  Luculia,  Sweet,  are  men- 
tioned by  Kuhn  (399).     Darwin  discusses  the  probable  transition 
from  heterostylism  to  dioecism  in  Rubiaeeae.   Mitchella,  L.,  which  is 
normally  heterostyled,  is  in  some  places  dioecious  (M.eehan,  465). 
Asperula  scoparia,  Hook.,  and  A.  ptisilla,  Hook.,  two  Tasmaman 
species,  were  stated  by  Treviranus  (742)  to  be  dimorphic,  but 
according  to  Darwin  the  former  at  any  rate  is  dioecious.     Our  own 
As-perula  taurina,  L.,  and  Galium  cnociatum,  With.,  are  both 
andromonoecious,  and  Sherardia  arvensis,  L.,  is  gynodioecious  (605). 


Ord.  VALERIAXEJ1. 

Delpino  in  his  work  on  the  Artemisiacese  rightly  insists  that  the 
calyx  in  Composite  could  only  become  transformed  into  a  pappus 
after  the  involucral  bracts  had  assumed  the  usual  functions  of  a 
calyx  ;  and  he  considers  the  Valerianete  to  be  offshoots  of  the  Com- 
posite, which  have  in  part  retained  this  hereditary  development  of 
a  pappus,  and  in  part  have  acquired  other  means  of  dissemination 
of  the  seeds  by  the  wTind. 

208.  Valeriana  officinalis,  W  is  distinctly  proterandrous. 
The  florets,  in  spite  of  their  small  size,  are  rendered  conspicuous  by 
aggregation.     In  each  floret  the  tube  is  4  to  5  mm.  long,  and  halt 
amillimetre  from  the  base  is  a  small  pouch  with  a  green,  fleshy 
floor  which  secretes  and  lodges  the  honey ;  this  is  accessible  to 
numerous  insects  with  moderately  short  proboscides,  especially  as 
the  tube  widens  above  to  a  diameter  of  2  mm.     Insect-visits  are 
numerous  and  various,  and  the  well-marked  dichogamy  ensures 
cross-fertilisation  in  case  of  in  sect- visits.     In  the  first  penod  the 
anthers,  covered  all  ronnd  with  pollen,  in  the  second       three  out- 
spread stigmas,  project  freely  from  the  flower,  and  are  touched  by 
the  feet  and  under  surfaces  of  insects  creeping  over  the  mflorescenc 
and  by  the  heads  of  insects  sucking  honey  from  the  florets ;  in  the 
second  period  the  anthers  are  bent  away  outside  the  floret  1 
have  never  seen  florets  which  fertilised  themselves;  stomas  which 


'  Compare  Sprengel,  NTo.  702,  pp.  63-65. 
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come  in  contact  with  the  anthers  of  neighbouring  flowers  are,  on  the 
other  hand,  not  uncommon. 

Visitors  :  A.  Hymenoptera— Apidaj :  (1)  Apis  mellifica,  L.  «    ab  •  (2) 
Bombus  pratorum,  L.       s.  ;  (3)  a  small  Halictus,  $  <J,  &    B  Diptera— (a) 
Tabanidce:  (4)  Tabanus  luridus,  Pz.  ;  (b)  Empidce :  (5)  Empis  livida,  L  •  6) 
j  Tn^Ca'R>  *oth  sl)ecies  vei7  ab->  s-  J  («)  Syrphidce  :  (7)  Eristalis  nemorum, 
L  ;  (8)  E.  arbustorum,  L.  ;  (9)  E.  sepulcralis,  L.  ;  (10)  E.  horticola,  Mm 
(bid.)  ;  all  four  speCieS  ab.,  f.p.  ;  (11)  Volucella  bombylans,  L.  ;  (12)  Helo- 
pholus  floreus,  L.  ;  (13)  H.  pendulus,  L. ;  (14)  Syritta  pipiens,  L.    (15)  Chry- 
sotoxum  festivum,  L.,  all  sometimes  s.,  sometimes  f.p;  (d)  Conopidm:  (16) 
Sicus  ferrugmeus,  L.,  s.  ;  (e)  Muscidce ,  (17)  Sarcopbaga  carnaria,  L.  ;  18 
Onesia  florahs,  E.  D. ;  (19)  Lucilia  cornicina,  F.  ;  (20)  Musca  domestica,  L. 
(21)  Callipbora  erytbrocepbala,  Mgn. ;  (22)  C.  vomitoria,  L.,  all  ab ,  s  See 
also  No.  S9o,  in.    I  have  found  it  visited  on  the  Alps  by  one  beetle    ixt  en 
species  of  Coleoptera,  and  fifteen  Lepidoptera  (609).  ' 

209.  Valeriana  dioica,  L.i-Honey  is  secreted  as  in  the 
previous  species,  but  cross-fertilisation  is  ensured  not  by  dichogamy 
but  by  dicecism.  The  male  flowers,  being  notably  larger  than  the 
lemale,  are  almost  always  visited  first  by  the  insect,  as  I  have 

2Tr  utSeT-V&±  Sprengel  inSiSt6d  ri«htiy  tllat  in  ™*  order 
alone  could  the  insect-visits  be  useful  to  the  plant.     In  the  male 

flore  s  the  tube  is  2*  to  H  mm.  long,  widening  above    in  th 

female  it  is  only  1  mm.  long,  so  that  in  both  the  honey  is  accessible 

to  msects  with  very  short  proboscides.    The  capituim  S 

less  conspicuous  than  in  V.  officinalis,  but  the  flowering  period  is 

so  early  that  the  plant  is  exposed  to  much  less  competition  Tsec 

visitors  are  less  various  than  in  the  previous  case"  but  still  fSlv 

numerous.     In  this  plant  there  are  four  kinds  of  individual.  w*h 

four  Afferent  kinds  of  flowers  :  (1)  male  flowers  without  any  rldf 

ment  of  a  pistil,  and  with  large  corollas  •  (2)  m2 T     7  X 

a  rudimentary  pistil,  and  a  somewhat liuS  Zti  ^LTf 

(4)  female  flowers  with  scarcely  visible  trace,  nf  »r2  I 
the  smallest  corollas  of  all  (No  584,  p  131)  W1 

(Jntna  ^T^tZ^?^ 
arbustorum,  L.,  s.  ;  (4)  Rbing  Hostrata I    T~ (V&Ufai  (3)  Eristalis 
k  ;   C-  Lepidopti^  Tipula, 
Nihduhdce:  (7)  Meligethes,  very  ab.         riensnapi,  L.,  s.    D.  Coleoptera- 

y  P  oteiandrous,  hermaphrodite  flowers  with  a  large  corolla" 
1  Compare  Sprcngel,  No.  702,  pp.  65-67. 
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others  having  only  female  flowers  with  a  small  corolla.  The  latter 
retain  their  stamens  in  an  apparently  almost  perfect  form,  but  their 
anthers  do  not  contain  a  single  grain  of  pollen  (609). 

Valeriana  tripteris,  L.,  is  dioecious.  In  this  species  also  there 
are  large-flowered  and  small-flowered  plants,  but  the  larger  flowers 
are  not  bermaphrodite  as  in  V.  montana,  but  male  only ;  they 
retain  a  style,  but  stigmatic  papillae  are  not  developed  (609). 

These  four  species  of  Valeriana  form  an  interesting  series  : — 
V.  officinalis,  with  one  kind  of  individual  only,  and  proterandrous 
hermaphrodite  flowers  ;  V.  montana,  with  large-flowered  and  small- 
flowered  individuals,  the  anthers  in  the  latter  being  abortive ; 
V.  tripteris,  in  a  similar  condition,  but  with  the  pistil  in  the  large- 
flowered  individuals  rudimentary  also ;  finally,  V.  dioica,  also 
dioecious,  but  exhibiting  four  different  kinds  of  individuals  (609). 

Valeriana  cordifolia,  ~L.,  is  distinctly  proterogynous,  according  to 
Ricca  (665). 

Centranthus  ruler,  D.C.,  and  Fedia  cornucopia'.,  are  distinctly 
proterandrous,  according  to  Delpino  (178). 

Valerianella  olitoria,  Much. — I  have  found  this  plant  visited 
by  four  Coleoptera,  eighteen  Diptera,  one  Herniptera,  eleven  ApidaB, 
and  two  Lepidoptera  (590,  III). 

Okd.  DIPSACEsE. 

Morina  elegans.—The  stigma  is  developed  at  the  same  time 
as  the  anthers,  but  overtops  them,  so  that  insect-visitors  touch  first 
the  stigma  and  then  the  anthers,  and  usually  effect  cross-fertilisation. 
In  the°absence  of  insects  the  stigma  curls  inwards  so  as  to  touch 
the  anthers  and  lead  to  self-fertilisation  (356). 

210.  DlPSACUS  SILVESTRIS,  L.— The  tube  is  9  to  11  mm.  long ; 
the  flower  is  markedly  proterandrous ;  the  style  divides  into  two 
branches,  whose  inner  surfaces  are  closely  covered  with  stigmatic 
papillaB,  but  one  of  which  is  always  partly,  and  sometimes  entirely, 
aborted.    The  bracts  stand  up  from  the  convex  head  as  stiff,  sharp 
spines ;  they  distinctly  overtop  the  anthers  and  stigmas  and  pre- 
vent them  from  being  touched  by  the  ventral  surface  of  a  bee 
creeping  over  the  inflorescence.    The  anthers  and  stigmas  are  only 
touched  by  the  bee's  head  as  it  is  inserted  in  the  flower;  and  in 
this  process  one  stigma  is  in  the  way  of  the  other,  and  the  whole 
"     stigmatic  surface  of  one  is  much  more  thoroughly  rubbed  by  the 
bee's  head  when  the  other  is  absent.     We  seem  to  have  here  m 
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the  abortion  of  one  stigma  an  adaptive  modification  in  progress 
and  not  yet  perfected. 

(1)  Bombus  rupestris,  L.  $  (12—14)  ;  (2)  B.  lapidarius,  L.  $  ?  ?  (8—14), 
ab.,  (<J  as  late  as  October  2)  ;  (3)  B.  agrorum,  F.  ?  ?  (12—15),  all  tLree 
species  sucking.    See  also  No.  590,  m. 

211.  Scabiosa  (Knautia)  arvensis,  L.— In  fine  weather  the 
flowers,  owing  to  their  great  conspicuonsness  and  their  easily- 
accessible  honey  and  pollen,  are  visited  by  very  miscellaneous 
insects  in  great  numbers.  Cross-fertilisation  is  ensured  by  markedly 
proterandrous  dichogamy,  and  in  the  unlikely  event  of  insect-visits 
not  taking  place,  self-fertilisation  is  very  unlikely  to  occur. 


Fig.  10S.— Scabiosa  arvensis,  L. 

tBfS'aifiiW  ^  after  ~al  of  one  lobe  of  the  corolla  (x  3* 
3.— Female  flower,  after  removal  of  one  lobe  of  the  corolla 
e,  ^bofe^r "       WHWn  th6  fl°™ >     *A ■  *  ditto,  empty  ana  shriveHing 


About  fifty  flowers  unite  in  a  capitulum  which  may  be  hemi- 
sphere 1  or  only  slightly  convex,  and  become  gradual^  larg  r 
from  the  centre  to  the  margin  by  an  increasing  development  of  the 
nlv6r4  1 7    ^  rr0Ua>    Wh,'le  m  thG  fl0-ts  the  tube! 

SaV:„ iTt'o  rg>  a  f  the-lobts  °f  the  coi'°iia'  **** 

similar ,  only  3  to  4  mm.  long,  in  the  marginal  florets  the  tube  is 
7  to  9        long>  the  extemal  Qf 

^lateral  lobes  4  to  7  mm.,  and  the  internal  lobe"to 

to  JvpT!6  °f  l^Sth  °f  the  tubG  the  honey  is  easily  accessible 
to  a  very  large  number  of  insects  of  the  most  various  orders;  for 
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the  tube  widens  out  superiorly,  and  the  more  so  the  longer  it  is,  so 
that  many  short-lipped  insects  can  reach  the  honey  by  creeping  a 
greater  or  less  distance  down  the  tube.    The  honey  is  secreted  by 
the  upper  surface  of  the  ovary,  and  is  lodged  in  the  base  of  the 
tube;  in  spite  of  the  funnel-shaped  widening  of  the  tube,  it  is 
sheltered  from  rain  by  hairs  lining  the  tube.     The  pollen  also  is 
easily  accessible,  for  the  stamens,  which  are  at  first  curled  up  in 
the  bud,  straighten  themselves  after  the  flowers  open  and  protrude 
4  to  5  mm.  beyond  the  tube,  with  the  pollen-covered  faces  of  the 
anthers  directed  upwards.    Thus  the  flower  offers  great  attractions 
to  insects  whether  in  quest  of  honey  or  of  pollen,  and  all  the  more 
that  the  close  aggregation  of  the  flowers  prevents  waste  of  time  in 
passing  from  one  to  another.     Honey-seeking  insects  are  induced 
to  make  repeated  visits  to  the  same  capitulum  by  the  gradual 
development  of  the  florets  and  by  the  length  of  time  during  which 
they  secrete  honey;  pollen-seeking  insects  are  led  likewise  to 
repeat  their  visits,  because  the  anthers  in  each  flower  do  not 
develop  simultaneously  but  one  by  one  (Fig.  108,  1,  b,  c,  d). 

The  style  elongates  after  all  the  stamens  have  fully  developed ; 
its  immature  stigma  stood  previously  in  the  mouth  of  the  flower, 
but  now  protrudes  4  to  5  mm.  from  the  corolla  and  becomes 
mature  (a,  2).    The  empty  anthers,  if  they  have  not  been  removed 
by  the  insects,  as  frequently  happens,  are  retracted  to  the  mouth 
of  the  flower  by  the  filaments  shrivelling  up  (d,  2).    In  each 
capitulum  the  florets  open  and  the  anthers  develop  in  succession 
from  the  circumference  towards  the  centre ;  but  the  styles  only 
beo-in  to  elongate  and  the  stigmas  to  develop  after  all  the  stamens 
on  the  capitulum  have  completed  their  development,  and  then 
almost  simultaneously  throughout  the  capitulum.    Since  here  the 
whole  capitulum  is  at  first  male,  and  later,  if  insect-visits  have 
taken  place,  wholly  female,  cross-fertilisation  takes  place  regu  arly 
between  separate  capitula  in  case  of  insect-visits ;  and  since  all  the 
stio-mas  on  a  capitulum  develop  simultaneously,  while  the  anthers 
succeed  each  other  very  gradually,  cross-fertilisation  en  masse  may 
be  effected  by  a  single  insect's  visit,  and  the  possibility  of  cross- 
fertilisation  is  extended  over  a  long  period  of  time.    So  even  a 
period  of  fine  weather  very  short  in  comparison  with  the  who.e 
flowering  period  of  the  plant  may  suffice  for  complete  fertilisation 

°f  Bes^rplants  with  hermaphrodite  flowers,  others  occur  whose 
flowers  all  possess  more  or  less  aborted  anthers  which  do  not  dehisce 
tZ  ^rZUn  small  and  often  very  deformed  pollen-grams. 
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If  these  female  plants  flowered  earlier  than  the  hermaphrodites, 
so  that  their  stigmas  were  mature  cotemporaneously  with  the 
anthers  of  the  first  hermaphrodites,  then  their  origin  might  be 
explained  on  the  principle  of  economy,  as  a  saving  of  the  first 
stamens  which  have  no  stigmas  to  fertilise.    If  the  female  capitula 
were  less  conspicuous  than  the  others,  the  same  explanation  might 
be  applied  in  this  case  as  I  have  put  forward  in  describing  Thymus 
and  Glechoma.  But  here  neither  the  one  fact  nor  the  other  is  true  ; 
but  the  female  heads  are  just  as  conspicuous  as  the  others  and 
develop  cotemporaneously  with  them.    I  can  only  account  for 
their  existence  by  the  very  great  difference  between  the  duration 
of  the  stigmas  in  the  hermaphrodite  capitula  and  the  length  of 
time  that  the  anthers  are  covered  with  pollen. 

It  is  of  special  importance  for  Scabiosa  arvensis  that  the  anthers 
on  the  same  head  should  develop  gradually  throughout  several 
days,  and  that  the  stigmas  should  ripen  all  on  the  same  day  almost 
simultaneously.    For  owing  to  the  first  character  there  is  never  a 
lack  of  pollen,  and  owing  to  the  second,  as  soon  as  a  few  sunny 
hours  occur  and  bring  out  the  insects,  in  a  very  short  time  all  the 
stigmas  on  a  capitulum  are  fertilised  with  pollen  from  another 
Both  characters  together  are  therefore  of  use  to  the  plant  in  the 
changeable  and  often  continuously  rainy  weather  of  our  summers 
But  when  a  spell  of  sunny  weather  appears  the  number  of  herma- 
phrodite flowers  in  the  male  condition  must  always  be  much 
greater  than  m  the  female  condition;  the  pollen  of  many  heads 
must  be  wasted,  and  it  must  be  an  advantage  to  the  plant  if  in 
some  cases  the  stamens  are  aborted  and  the  stigmas  come  so  much 
he  quicker  to  maturity.     As  every  character  of  advantage  for  the 
maintenance  of  the  species,  which  appears  accidentally  as  an 
abnormal**  can  and  must  be  retained  by  natural  selection  so  in 
hcabiosa  arvensu,  abortion  of  the  stamens,  occurring  accidentally 
m  certain  plants  must  have  been  perpetuated  and  intended  % 
The  power  of  self-fertihsatioix  is  not  quite  lost  in  the  herma 
phrodi te  plants;  for  in  capitula  allowed  to  flower  in  theLiZS 
eft  untouched,  many  of  the  stigmas  as  they  oxow  up  J  Z\T 
o  come  in  contact  with  anthers°still  dusted"  ^th  pollen  "  BuTas 

oJZ^^r  —  selflrtilisation  a 

y  C°me  mt0  actlon  ln  long-continued  bad  weather. 

b-,  ^Z^^r^^  ;ipidc% (1)  Apis  mellifica> L-  *  (6>. 

V  6  (7    9)  ,  (4)  B.  lapxdanus,  L.  9  (10—12)  ;  (5)  B.  pratorum,  L 
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*  9  6  (8—11)  ;  (6)  B.  Rajellus,  111.  <J  (10)  ;  (7)  B.  agrorum,  F.  ?  (12—15)  ; 
(8)  B.  hypnorum,  L.  $  ;  (9)  B.  silvarum,  L.  $  $  (12—14)  ;  (10)  B.  rupestris, 
L.  ?  (12—14)  ;  (11)  B.  vestalis,  Fourc.  ?  (12)  ;  (12)  B.  cainpestris,  Pz.  $  <J 
(10—12)  ;  (13)  B.  Barbutellus,  K.  $  ?  (12)  ;  all  these  humble-bees  only  s.  ; 
(14)  Andrena  Hattorfiana,  F.  $  $  (6 — 7),  s.  and  c.p.  :  it  confines  itself  almost 
exclusively  to  this  flower,  and  I  have  only  once  taken  a  male  on  Jasione 
montana,  and  again,  a  female  on  Dianthus  Carthusianorum,  s.  ;  (15)  Andrena 
Gwynana,  K.  $  (2^),  c.p.  ;  (16)  Halictus  albipes,  F.  $  ;  (17)  H.  leucozonius, 
Schk.  $  (4)  ;  (18)  H.  cylindricus,  F.  $  $  (3—4)  ;  (19)  H.  sexnotatus,  K.  ? 
(4)  ;  the  species  of  Halictus  sometimes  s.,  sometimes  c.p.  ;  (20)  Nomada  Fabri- 
ciana,  L.  <?  ;  (21)  N.  lineola,  Pz.  $  $  (6)  ;  (22)  N.  Jacobaece,  Pz.  ?  ;  (23)  N. 
armata,  Schasff.  $  ;  (34)  Megachile  Willughbiella,  K.  $  ;  (25)  M.  maritima,  K. 
<§  $ ,  freq.  ;  (26)  M.  circumcincta,  K.  ?  $  ;  (27)  M.  centuncularis,  L.  $  ;  (28) 
Diphysis  serratulse,  Pz.  ?    ,  very  ab.,  like  all  the  species  of  Nomada  and 
Megachile,  only  sucking  ;  (29)  Osmia  fulviventris,  Pz.  9 ,  c.p.  ;  (30)  0.  senea, 
L.  (J ,  s. ;  (31)  Ccelioxys  quadridentata,  L.  <$  $ ,  ab.  ;  (32)  C.  conoidea,  111.  $  ; 
(33)  Heriades  truncorum,  L.  $ ;  (34)  Stelis  breviuscula,  Nyl.  $ ,  the  last 
four  species,  s. ;  (b)  Sphegidce :  (35)  Bembex  rostrata,  L.  (7)  ;  (36)  Psammophila 
affinis,  K.  ?  (5)  ;   (37)  Ps.  viatica,   L.  J  (4),    all   s.  ;  (c)    Vespidce :  (38) 
Odynerus  parietum,  L.   ?  (3),  s.    B.  Diptera—  (a)  Empida :  (39)  Empis 
tesselata,  F.  (3,  4)  ;  (40)  E.  livida,  L.  (2^—3),  both  very  ab.,  s.  ;  (b)  Syrphidm  : 
(41)  Eristalis  tenax,  L.  (7,  8)  ;  (42)  E.   arbustorum,  L.  (4,  5)  ;  (43)  E. 
nemorum,  L.  ;  (44)  E.  intricarius,  L.  ;  (45)  Rhingia  rostrata,  L.  (11,  12)  ; 
(46)  Volucella  bombylans,  L.  ;  (7,  8)  ;  (47)  V.  plumata,  L.  ;  (48)  V.  pellucens, 
L.  (Sid.),  all  these  Syrphidae  ab.,rs.  and  f.p.  ;  (49)  Syrphus  ribesii,  L.  (3,  4), 
f.p.  ;  (c)  Conopidcc:  (50)  Sicus  ferrugineus,  L.,  ab.,  s.  ;  (d)  Muscidm:  (51) 
Echinomyia  tesselata,  F.  ;  (52)  Ocyptera  cylindrica,  F.  ;  (53)  Micropalpus 
fulgens,  Mgn.,  aU  three  s.    C.  Lepidoptera— (a)  Rhopalocera :  (54)  Colias 
hyale,  L.  (Th.),  ab.  ;  (55)  Vanessa  urticse,  L.  (12)  ;  (56)  Satyrus  Janira,  L.  ; 
(57)  S.  Medea,  S.  V.  (Sid.)  ;  (58)  Papilio  Machaon,  L.  (18)  ;  (59)  Hesperia 
lineola,  0.  ;  (b)  Sphingidce :  (60)  Zygaana  lonicerse,  Esp.  (Th.),  ab.  ;  (61)  Ino 
statices,  L.  ;  (c)  Noctuw :  (62)  Mamestra  serena,  S.  V.  ?  (Th.)  ;  (63)  Euclidia 
glyphica,  L.  ;  (d)  Tineina  :  (64)  Adelasp.,  veryab.,  sometimes  as  many  as  four 
on  one  capitulum.    D.  Coleoptera—  (a)  Nitidulidtti :  (65)  Meligethes,  ab.,  f.p.  ; 
(6)  Phalacridce  :  (66)  Olibrus  bicolor,  F.,  f.p.  ;  (c)  Lamellicornia  :  (67)  Hoplia 
philanthus,  Sulz.  (Sid.),  feeding  on  the  organs  of  the  flower ;  (68)  Trichius 
fasciatus,  L.,  very  ab.,  feeding  on  the  tissues  and  also  pairing  on  the  flowers  ; 
(d)  Ceravibycidm :  (69)  Toxotus  meridianus,  L.,  (Siebengeb.)  ;  (70)  Pacbyta 
octomaculata,F.  (Sid.)  ;  (71)  Strangalia  atra,  F.,  (Siebengeb.)  ;  (72)  Str.  armata 
Hbst.  (Siebengeb.);  (73)  Str.  attenuata,  L.  ;  (74)  Str.  melanura,  L.  ;  (75) 
Leptura  livida,  F.  :  these  Cerambycidte  feed  on  pollen  and  on  the  anthers, 
and  those  with  small  heads,  especially  Str.  attenuata,  also  suck  honey  ;  (e) 
Chnjsomelidw :  (76)  Cryptocephalus  sericeus,  L.,  feeding  on  the  parts  of  the 
flower 
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Altogether,  I  have  observed  upon  Scabiosa  arvensis,  L. : — 


Apidte. 

Lepidoptera. 

Diptera. 

Other  Insects 

Total. 

In  Low  Germany  ... 

45 

19 

17 

20 

101 

On  the  Alps  

10 

22 

9 

4 

45 

That  is  to  say,  in  each  hundred  species  of  visitors  we  have  : — 

Apidce. 

Lepidopteru. 

Diptera. 

Other  Insects. 

Total. 

In  Low  Germany  ... 

44-6 

188 

16-8 

197 

100 

On  the  Alps  

22-2 

48-9 

20-0 

8-9 

100 

(Vide  No.  609,  pp.  399,  400  :  No.  590,  nr.,  pp.  76,  77.) 

212.  Scabiosa  succisa,  L.-The  hemispherical  capitulum  con- 
sists of  fifty  to  eighty  florets,  nearly  equal  in  size,  which  develop  in 


Fig.  109.—  Scaliosa  succisa,  L 
(i  —  Ditto,  in  female  stage. 


centripetal  order.  Honey  is  secreted  by  a  small,  fleshy  ring  above 
and  above  the  sm„„th  honey-containing  portion  it  is  lined  wHh 
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hairs  to  exclude  rain.     The  honey  is  accessible  to  short-lipped 
insects,  especially  as  the  tube  widens  superiorly  to  a  diameter  of 
2  mm.  at  the  mouth,  and  the  four  (rarely  five)  rounded  lobes  of  the 
corolla,  of  which  the  external  is  the  largest,  are  easily  thrust  apart. 
On  the  damp,  -unproductive  spots  where  ScaUosa  succisa  chiefly 
grows,  its  blue,  hemispherical  heads,  about  20  mm.  in  diameter, 
are  among  the  most  conspicuous  flowers;  and  in  sunny  weather 
until  the  middle  of  September,  they  are  visited  by  very  numerous 
insects,  and  are  regularly  cross-fertilised   owing   to  their  pro- 
terandrous  dichogamy.    When  the  flower  opens  the  stamens  which 
were  bent  inwards  in  the  bud  straighten  themselves  one  by  one ; 
then,  while-  as  yet  the  style  scarcely  extends  beyond  the  mouth  of 
the  corolla  (Fig.  109,  2),  the  anthers  dehisce  in  succession  ;  only  when 
the  stamens  are  completely  withered,  and  the  anthers,  if  insect- 
visits  have  taken  place,  are  shaken  off  (Fig.  109,  3),  does  the  style 
attain  its  full  length,  and  the  stigma,  a  little  later,  becomes  viscid. 
Self-fertilisation  can  therefore  only  occur  exceptionally,  if  at  this 
time  an  anther,  still  dusted  with  pollen,  comes  by  accident  m  contact 
with  the  stigma.    In  plants  flowering  in  my  room  I  have  observed 
this  to  take  place  not  uufrequently,  but  never  in  the  open  air. 

Visitors:  A.  Hymenoptera-.l^^  :  (1)  Apis  meUifica,  L.  ?,s  and  c.p., 
at  ;  (2)  Bonrbus  silvarum,  L.  2  $  <J  (as  late  as  Oct.  7)  ;  (3)  B.  apidarms  L., 
?  3 ;  (4)  B.  agroram,  F.  $  $  (both  as  late  as  Oct.  15,  1871)  ;  (5)  B.  sem  is, 
Smit  k,  $  $  ;  (6)  B.  terrestris,  L.  5  0)  B.  pratornm,  L  $  ;  (8)  B.  vestalis, 
Fourc  I  6  B.  rupestris,  L.  $  (Oct.  15,  1871),  all  very  ah,  s  ;  (10)  Andrena 
Cetii,  Schrank.  2  ,  "p. ;  (11)  A.  convexiuscula,  K  $  ;  (12 )  Habctus  rubicundus, 
Christ  2  cp  •  (13)  H.  leucozonius,  Schrank.  $  ;  (14)  H.  cylmdncus,  F. 
all  freq  'b  Diptera — («)  Bombylidm:  (15)  Exoprosopa  capucma,  F.,  ab.  in 
July  •  lb)  SyrpMdm  :  (16)  Helophilus  pendulus,  L.,  ab.,  also  parrmg  on  the 

Lpt.  4,  1870)(;  (17)  ErLlis  arbustoru,  L  ,  (18)  E.  — 
(19)  E.  tenax,  L.  (beginning  of  November)  all  ab.,  s  and  fp. (20  E 
ntricarius,  L.  scarcer;  (21)  Syxphus  pyrastn  L  s.  and  £p  ;  W  ^ 
rostrata,L.,s.;  (p)  Empid*  :  (23)  Emps  Wa,  L  %^a\^*T?«) 
(24)  Species  of  Lucilia ;  (25)  Musca  cornicma,  F.  C.  LeP;dof™  ^ 
Rl  ovalocera  :  (26)  Pieris  rap*,  L,  ab. ;  (27)  Satyrus  Janira,  L.  ;  (28)  Polyom 
XUlr,  ab,  »  No*-:  (29)  ^^;0^ 
^^^^^^  of  the  to  J.  See  also 
No.  590,  in. 

This  species,  also,  has  been  shown  to  include  female  as  well  as 
hermaphrodite  plants  in  England  by  Darwin  (167),  m  France  by 
Lecoq,1  and  in  Germany  by  Magnus  (449). 

ttatropurpurea,  L.,  also,  is  gynodioecious  (167). 

1  QSographie  botaniquc,  1S57,  vi. 
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213.  Scabiosa  Columbaria,  L. — This  species  for  the  most 
part  resembles  S.  arvensis  in  the  structure  of  its  flower,  but  besides 
the  five-lobed  corolla  it  presents  the  following  noteworthy  differ- 
ences.   In  8.  arvensis  the  florets  increase  in  size  from  the  centre  to 
the  circumference  of  a  capitulum,  but  in  8.  Columbaria  this 
gradual  increase  is  much  less  marked,  though  in  the  marginal 
florets  the  lobes  of  the  corolla  are  largo  and  conspicuous.    Thus  in 
one  specimen,  which  I  examined  closely,  the  tube  in  the  marginal 
flowers  was  6  mm.  long  and  2  to  2\  mm.  wide  at  the  mouth;  the 
external  lobe  of  the  corolla  was  7  to  8  mm.  long,  the  lateral  were 
6  mm.,  the  internal  2  to  3  mm.     In  the  florets  of  the  disk,  imme- 
diately contiguous  to  these  marginal  florets,  the  tube  was' 5  mm. 
long  and  2  mm.  wide  at  the  mouth,  and  the  lobes  of  the  corolla 
were  respectively  3,  2,  H  mm.  long;  finally,  in  the  central  florets 
of  the  capitulum  the  tube  was  still  4  mm.  long  and  1±  mm.  wide 
at  the  mouth,  and  the  lobes  of  the  corolla  were  1  to  2  mm.  lono-. 
In  consequence  of  the  smaller  size  of  the  central  florets  and  the 
slight  increase  of  size  from  the  centre  towards  the  margin,  many 
more  florets  find  room  on  equal  space  in  8  Columbaria  than  in 
S.  arvensis.  So,  although  the  capitula  in  8.  Columbaria  are  distinctly 
smaller  than  in  S.  arvensis,  they  contain  half  as  many  florets  ao-ain 
(seventy  to  eighty).  & 

I  have  never  found  plants  with  abortive  stamens  in  8  Colum- 
baria. 

This  species  only  occurs  near  Lippstadt,  in  one  locality  and  in 
small  amount,  so  I  have  had  little  opportunity  of  watching  its 
insect-visitors.  & 

A.  Hymenoptera-J^ :  (1)  Apis  mellifica,  L.  {? ,  .  ab  •  (2)  Bomb™ 
Slf^S    B.  Diptera    (a)  SmJ^:  (3)  Eristafetenax^ 

V*  mas,  eigbt  bees,  and  ^era')  is 

^8cabiosa  lucida,  Vill.,  is  visited  by  butterflies  and  Syrphid* 


Ord.  COMPOSITE 

The 


sped  TLTiTZ  i  6Xtreme  aUmdance  of  ™ny  of  the 

pecxes,  are  due  to  the  concurrence  of  several  characters/most  of 

-  -n,^^^^^  of  PWogan, 
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which,  singly,  or  in  some  degree  combined,  we  have  become 
acquainted  with  in  other  families,  but  never  in  such  happy  com- 
bination as  in  the  Compositse.  The  following  points  deserve 
special  mention  :  (1)  the  close  association  of  many  flowers ;  (2)  the 
accessibility  of  the  honey,  as  well  as  its  plentiful  secretion  and 
its  security  from  rain ;  (3)  the  possession  of  a  pollen-mechanism, 
which  renders  cross-fertilisation  certain  in  the  event  of  insect- 
visits. 

1.  The  association  of  many  flowers  in  one  head  is  advantageous, 
for  the  following  reasons  : 

(a)  The  flowers  are  rendered  much  more  conspicuous,  and  are 
accordingly  more  visited  by  insects.  Conspicuousness  is  in  most 
cases  increased  stiU  further  either  by  the  florets  being  directed 
outwards  (Cynaroidece),  or  by  the  limb  of  the  corolla  developing 
into  a  long  lobe  directed  outwards,  both  of  which  phenomena 
become  more  marked  towards  the  margin  of  the  capitulum ; 
or  by  the  marginal  florets  becoming  large  coloured  radiating 
laminae,  at  the  expense  of  the  stamens  or  of  both  stamens  and 
pistil  (Asteroidem)  ;  or,  finally,  by  the  innermost  bracts  performing 
this  function  (Carlina). 

(b)  Insects  can  fertilise  numerous  flowers  with  much  less  loss 
of  time  than  when  the  flowers  are  separate ;  and  so  the  chance 
of  being  fertilised  is  increased  for  every  flower  in  the  same  ratio. 
The  florets  of  the  disk  usually  constitute  a  flat  surface  over  which 
the  insect  crawls,  and  from  which  the  reproductive  organs  protrude 
far  enough  to  permit  simultaneous  fertilisation  of  many  florets. 

(c)  As  the  involucre  of  the  whole  capitulum  plays  the  part 
of  a  calyx  in  protecting  the  flowers,  the  calyces  of  the  separate 
florets  can  be  dispensed  with  entirely,  or  they  may  be  adapted 
for  a  new  and  important  purpose  by  being  transformed  into 
structures  which  aid  the  dispersion  of  the  seeds  by  the  wind  or 
into  barbs  furnished  with  recurved  hooks  (Bidens),  which  aid  the 
transport  of  the  seeds  by  animals.  . 

TtL  free  accessibility  of  the  honey  is  a  character  which 
most  Composite  share  with  Umbelliferae ;  and,  accordingly,  the  two 
orders  rival  one  another  in  the  variety  of  their  insect-visitors  (vide 
Oirsvun  arvensis).  But  while  in  Umbelh  eras  the  honey  lies  fully 
exposed  to  the  rain  upon  the  fleshy  disk  which  secretes  it  in 
'SCrftoit  ^  secreted  by  a  ring  surrounding  the  style  at  the 
bas7of  a  narrow  tubular  corolla,  and  as  it  accumulates  it  rises  up 
Lto  the  ^der  part  of  the  corolla  where  it  is  accessible  to  the  most 
ZXv^eots,  and  where  the  anthers  shelter  it  from  ram. 
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Thus,  while  the  flat  layer  of  honey  in  Umbelliferte  is  only  suitable 
for  short-lipped  insects,  the  honey  of  Compositaa  is  not  only 
accessible  to  them  but  may  be  sucked  by  Lepidoptera  and  bees 
also. 

3.  The  pollen-mechanism  agrees  essentially  with  that  of 
Lobeliaceas.  The  anthers  cohere  to  form  a  hollow  cylinder,  and 
dehisce  introrsely,  filling  the  cylinder  with  pollen,  before  the  flower 
opens.  The  two  stigmas  lie  at  first  closely  applied  together  in 
the  lower  part  of  the  anther-tube,  and  as  the  style  grows  they 
brush  the  pollen  out  of  the  tube  by  means  of  the  hairs  on  their 
outer  surface.  So  in  the  first  period  the  pollen  is  exposed  to 
insect-visitors,  and  in  the  second  the  stigmas  separate  and  expose 
their  papillar  surfaces. 

The  arrangement  of  the  hairs  and  of  the  stigmatic  papillae 
shows  some  diversity  in  Composites.  The  former  sometimes,  as  in 
Lobehacete,  sweep  the  pollen  before  them,  forming  a  simple  rina 
round  the  style  at  the  base  of  the  stigmas  (e.g.  Centaurea,  Cirsium) 

°J  *T Q8nl  m  ^  tUft  at  thG  eXtremit^  of  the  sti^as  (e.g. 
Achillea >  Chrysanthemum);  sometimes  they  are  spread  over  more 
or  less  of  the  surface  of  the  style,  and  the  pollen  remains  en- 
tangled among  them  (e.g.  Leontodon).  The  stigmatic  papilla 
sometimes  wholly  or  partially  cover  the  inner  surfaces  of  tne 
stigmas  and  sometimes  are  restricted  to  broader  or  narrower 
areas  at  the  margin.  This  sweeping  mechanism,  which 
apparently  mhented  from  Lobeliaceas,  is  perfected  in  many 
Composite  by  a  peculiar  irritability  of  the  filaments  2 
contract  when  touched  by  an  insect's  V^olTllZ  t 

flowers    %  P1'°Per  f°r  ]t  t0  be  c^ied  to  other 

r£zivrK  ^taasa 

so  slowly  i^Zl^^1^  fl°WerS 
that  one  or  more  roTrf  fll^I???^  * 
surrounded  by  several  row<  Z  «         ,  ^  alwa7s 

margin  (Bellis,  Chrysan theml  K?"  W,HCh  ^  at  the 
florets   open   centrfne tn  t  } '         m  ^  C^narea5  th* 

*PtulJiBfin^^Lyi     Th  quid<   SUCCession   tha*  the 
a  tunc  male  only,  and  afterwards  for  some  time 
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female  only,  and  in  this  case  all  insect-visitors  must  lead  to  the 
crossing  of  separate  capitula  (Carduus).  Lastly,  in  the  few 
Composite  in  which  the  florets  are  all  unisexual,  either  the  male 
and  female  florets  are  confined  to  separate  capitula  or  the  outer 
florets  in  all  the  capitula  are  female  and  the  inner  male  (Calendula, 
Silphium,  etc.)-  In  the  former  case  the  crossing  of  separate 
capitula  is  obviously  inevitable,  and  in  the  latter  (since  the  outer 
florets  develop  first)  it  is  probable,  and  more  so  than  in  the 
case  described  where  centripetal  development  proceeds  slowly  in 
a  capitulum  of  hermaphrodite  florets. 

In  absence  of  insects  self-fertilisation  is  often  rendered  possible 
in  the  hermaphrodite  flowers  by  the  stigmas  curving  backwards  till 
their  papillae  come  in  contact  with  the  pollen. 

The  irritability  of  the  filaments  in  Centaurea,  Onopordum, 
Cichorium,  Hieracium,  etc.,  was  observed  more  than  a  hundred 
years  ago  by  Koelreuter  (396,  Pt.  ill).  Severin  Axell  gives  a 
risumi  of  more  recent  observations  on  this  point  by  Morren,  Cohn, 

Unger,  and  others  (17). 

Sprengel  recognised  the  significance  of  the  enlarged  marginal 
florets,  the  closing  of  the  capitulum  during  rain,  the  brushes  on  the 
style  or  stigmas,  and  the  distinct  proterandry  (702,  pp.  365-384). 

Hildebrand  made  the  floral  mechanism  of  Compositse,  especially 
the  distribution  of  the  brushes  and  the  stigmatic  papillae,  the  sub- 
ject of  a  very  elaborate  paper  containing  many  magnified  figures 
of  styles  (357).  In  the  same  year  (1869)  Delpino  gave  a  full 
account  of  the  adaptive  modifications  of  Compositse  (178),  and 
appended  some  notes  on  the  bees  seen  by  him  visiting  Compositse. 
In  a  more  recent  work  (180)  he  tries  to  prove  the  genetic 
connection  of  Compositse  with  Campanulacea?  and  Lobehacese,  and 
to  trace  the  gradual  passage  from  entomophilous  Senecionulce  to 
distinctly  anemophilous  Artemisiacecv.  I  am  unacquainted  with 
most  of  the  forms  which  Delpino  treats  of,  and  am  therefore 
unable  to  criticise  his  conclusions,  so  I  confine  myself  to  a  general 
reference  to  his  interesting  research. 

Tribe  Eupatoriacece. 

Mv  brother  Fritz  Muller  tells  me  by  letter  that  at  Itajahy 
JjJdmma,  growing  at  the  borders  of  woods,  is  the  haunt  of 
Zygamidce  and  Glaucopidm. 

914    EUPATORIUM  CANNABINUM,  L.-The  capitulum  contains 
five  sometimes  only  four  florets,  in  each  of  which  the  tube  is 
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2£  mm.  long,  and  the  wider  throat  2  mm.  long  in  addition.  By 
themselves  the  capitula  are  small  and  insignificant,  but  very  many 
(usually  several  hundred)  are  closely  aggregated  in  an  inflorescence. 
The  red-bordered  bracts,  the  reddish  corolla?  of  the  florets,  and 
the  white  projecting  stigmas  give  this  inflorescence  a  reddish-white 
appearance.    In  this  plant  the  divisions  of  the  style  are  quite  as 


Biq.  UO.—  Eupaforium  cannabinum,  L. 
c  it  lathed  \&  hu£rh  °f  the  Styl6  bea™  a  striP  of  ^natic  papilla  on  each  edge  ;  from  b  to 

long  as  the  whole  corolla  (5  mm.).  They  are  furnished  with  rows 
mclosed  in  the  anther-cylinder  (Fig.  1 10, 1) ;  the  ends,  furnished  with 
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hairs,  project  beyond  it,  and  diverge  so  widely  that  insect-visitors 
come  in  contact  with  them  all  round,  and  carry  off  upon  their 
hairy  or  scaly  coats  the  pollen  that  had  been  entangled  in  the 
hairs  of  the  styles.     Afterwards,  the  lower  stigmatic  portions 
emerge  from  the  anther-cylinder  and  from  the  throat  of  the 
corolla  (Fig.  110,  2),  and  they  too  diverge  so  widely  that  an  insect 
in  obtaining  its  honey  must  come  in  contact  with  them.  Cross- 
fertilisation  is  thus  ensured,  if  insect-visits  have  taken  place  to  a 
sufficient  extent  to  clear  all  the  pollen  from  the  hairs  of  the  style 
before  the  stigmas  in  the  same  floret  are  exposed.     But  if  these 
hairs  still  bear  pollen  when  the  stigma  becomes  exposed,  an  insect- 
visitor  may  effect  self-fertilisation  as  easily  as  cross-fertilisation. 
If  no  insects  visit  the  flower  at  all,  fertilisation  and  even  cross- 
fertilisation  are  still  possible,  for  the  outspread  branches  of  the 
style  sometimes  come  in  contact  with  the  stigmas  of  neighbouring 
florets. 

Visitors  :  A.  Hymenoptera— Apidm :  (1)  Apis  niellifica,  L.  $ ,  s. ;  (2) 
Bombus  (Apathus)  vestalis,  Eourc.  <J,  s.  B.  Diptera-(a)  Syrphidm:  (3) 
Eristalis  arbustoruin,  L. ;  (4)  E.  nemorum,  L.  ;  (5)  E  tenax  ,  L,  all  three 
species,  ab,  f.p.  ;  (b)  Muscidce :  (6)  Echinomyia  fera  L. ;  (7)  Dexia  camna, 
p.  (8)  Lucilia  albiceps,  Mgn.  C.  Lepidoptera-E/to^ocem ;  (9)  Pirns 
rap^L.;  (10)  Tbecla  quercus,  L. ;  (11)  Lycsena,  sp. ;  (12)  Vanessa  Io,L.,  ab.  ; 
(13)  Argynnis  Paphia,  L.,  ab. ;  (14)  Satyrus  Galatea,  L. ;  (15  S.  Medusa  S. 
V  •  (16)  S  E-eria,  L. ;  (17)  Hesperia  lineola,  0.  I  saw  all  these  butterflies 
together  sucking  the  flowers  of  Eupatorium  on  a  sunny  slope  near  Willebadessen 
(AVust,  1871)  :  they  took  no  heed  of  other  neighbouring  flowers  D.  Neuro- 
ptera-(18)  Panorpa  communis,  L.  This  list  is  very  remarkable  on  account 
of  the  preponderance  of  butterflies.    See  also  No.  590,  in. 

Tribe  Asteroidece. 
215.  Solidago  vikga-aubea,  L.-In  the  florets  of  the  disk 
the  style  is  identical  with  that  of  Chrysocoma  (cf.  Hildebrand,  357). 
But  while  in  Chrysocoma  numerous  capitula  unite  to  form  one 
surface  and  can  therefore  dispense  with  ligulate  marginal  florets 
in  8  virga-aurea  the  capitula  are  distributed  over  an  elongated 
axis ;  and  the  disk  of  each  capitulum  (4  to  5  mm.  in  diameter)  is 
rendered  conspicuous  by  five  to  seven  golden-yellow  margmal 
florets  which  increase  the  whole  diameter  of  the  capitulum  to  14  or 
even  19  mm.  The  marginal  florets  have  acquired  their  excessive 
development  of  corolla  at  the  expense  of  their  stamens,  which  are 
nuite  absent  •  the  branches  of  the  style  have  almost  entirely  lost 
££££  sweeping-hairs,  and  bear  stigmatic  papillae  along  the 
whole  length  of  both  borders  of  their  inner  surfaces. 
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Visitors:  A.  Hymenoptera— Apida  :  (1)  Apis  mellifica,  L.  $ ,  s.,  ab  •  (2) 
Bombus  rupestris,  L.  s.;  (3)  B.  campestris,  L.  £,  s.  ;  (4)  B.  terrestris,  L 
t?,  s. ;  (o)  Andremi  cleuticulata,  K.  ?  £ ,  c.p.  ands.  (Tekl.  Borgst.).  B.  Diptera 
—Syrphida:  (6)  Eristalis  arbustormn,  L. ;  (7)  E.  nemorum,  L.,  both  species 
f.p.,  ab.  C.  Lepidoptera— Bhopalooera:  (8)  Tbecla  ilicis,  Esp.,  s.  A  list  of 
Alpine  visitors  (six  bees,  twenty-two  flies,  twenty-seven  Lepidoptera)  is  «iven 
in  my  A  Ipe ub lu men  (No.  609). 

216.  SOLIDAGO  CANADENSIS,  L.  : — 

Visitors  :  Diptera-(a)  Syrphida :  (1)  Eristalis  arbustorum,  L  •  (2)'  E 
nemorum,  L. ;  (3)  Syritta  pipiens,  L,  all  three  species  f.p,  ab.  ;  (b)  MusJidm': 
(4)  Sarcophaga  carnaria,  L,  f.p.  ■  (5)  Numerous  small  Muscidse.  See  also 
■No.  s  90,  m. 

217.  Bellis  perennis,  L.— Numerous  tiny  florets  1  to  2  rum 
in  length  unite  to  form  a  flat,  yellow  disk  6  mm.  in  diameter  The 
whxte  outer  lobes  (5  mm.  long)  of  the  marginal  florets  bring  the 
diameter  of  the  whole  capitulum  np  to  16  mm.  The  marginal 
florets  have  no  stamens,  and  their  styles  have  lost  their  sweepW- 
hairs ;  the  two  branches  of  the  style  are  furnished  with  stigmatic 
papillae  on  their  edges  for  their  whole  length  (cf.  Hildebrand,  357) 
On  the  other  hand,  in  the  florets  of  the  disk  the  style  is  short 
broadly  oval,  and  closely  covered  with  sweeping-hairs  on  the  outer 
surface  from  the  broadest  part  to  the  tip ;  these  hairs  both  sweep  the 

w°a rthdi  t  the+.r+ther-Cylinder  aS  the  ^  Ungates,  after! 
wards  hold  it  until  it  is  removed  by  insects.    The  branches  of  the 

vie  in  the  disk-florets  are  only  furnished  with  a  short  strip  of 
tigmatio  pap  p    on  each  border  ^  ^  V* 

fertilisation  the  branches  of  the  style  are  again  drawn  within  the 


fren  •  u\  TT  mn  i  •     T, *  '   P- '  w  Hallctus  mmut  ssimus,  K  9  en 

CP- ;    *)  i;^i7)..   (9)  My8rmS'  Svl'o^    N  ^  ?' 

Diptera-(„)  Empida:  (10)  EmpTs  livi h  T       '  Nyl\tried  to  su<*-  B. 
t;  W  %^*f  (12)  LLt  Parbus^m  L8":  Tltl^  ^ 
E.  tenax,  L.  ;  (15)  E.  pertinax  Scot,  '  •    }       8ePulcra]ls,  L. ;  (14) 

f-P,  very  ab.  (17)  ^ri^L^^T^^^^^ 
-riptus,  L,  f.p  ;  V&in^  l  L  8''  ^  J  (18)  Melit^eptus 
merdaria,  F,  both  species  f  p  ab  Sn  T  °?  ga  Stercoraria>  ^  !  (20)  Sc. 
Musca  corvina,  F  df  TUXse  fl^if^  ^  COmicina>  F->  W  /  (22) 
especially  of  the  ta^^Sl^S?"  °ngUeS>  ^  md  mde*  ^ce 

r    r   lll»>       s.  ,  (24)  Pf.lyommatus  dorilis,  Hufn.  s. 


322 


THE  FERTILISATION  OF  FLOWERS. 


[PAHT  lit. 


D.  Coleoptera— («)  NitiduUda :  (25)  Meligethes,  f.p. ;  (b)  (Edemertda :  (26) 
CEdemera  virescens,  L. ;  (c)  Cerambycidcc :  (27)  Leptura  livida,  L.,  f.p.  See 
also  No.  590,  in. 

218.  Aster  chinensis,  L. — I  have  noticed  on  the  flowers  in 
my  garden :  — 

A.  Diptera— Syrphidce ;  (1)  EristaHn  nemorum,  L. :  (2)  E.  arbustorum,  L., 
both  species  s.  and  f.p.,  ab.  B.  Lepidoptera -Mopalocera :  (3)  Vanessa  urticse, 
L.,  s.    C.  Hymenoptera— Apidce :  (4)  Coelioxys  simplex,  Nyl.  ? ,  s. 

Aster  alpinus,  L .— I  have  found  this  plant  on  the  Alps  visited 
by  two  beetles,  two  flies,  two  bees,  and  thirty-six  Lepidoptera  (609). 

219.  Aster  amellus,  L.  (Haarhausen,  in  Thuringia). — I  found 
the  flowers  (Sept.  13,  1871)  visited  by  Eristalis  arbustorum,  L.,  in 
considerable  numbers  to  feed  on  the  pollen. 

Erigeron  alpinus,  L.— The  ligulate  marginal  florets  are  female 
only;  between  tbem  and  the  hermaphrodite  florets  of  the  disk  is  a 
zone' of  female  florets  which  secrete  no  honey,  and  in  which  the 
teeth  and  the  wide  throat  of  the  corolla  is  not  developed  ;  m  these 
two  classes  of  female  florets  the  style  is  devoid  of  sweepmg-hairs. 
In  Erigeron  uniflorus,  L.,  the  intermediate  zone  of  tubular  female 
florets  is  absent  (609). 

220.  CONYZA  SQUARROSA,  L.  : — 

Visitors:  Hymenoptera- (a)  Apidce:  (1)  Halictns  quadricinctus,  F.  9  6, 
c.p.  and  s. ;  (2)  H.  fiavipes,  F.  «J  ;  (3)  H.  morio,  F.  <? ;  (4)  H.  lencopus,  K  ?  : 
(5)  H.  longnlus,  Sm.  <J ;  (6)  H.  leucozonius,  Schr.  ^ ;  (7  H.  ^f^J- 
V;  (8)  H.  maculatus,  Sm.  ?  i  ;  (9)  H.  albipes,  F.  S,  all  m  great  aWance 
L  $  s,  the  ?  s.  and  c.p.  ;  (10)  Nomada  Solidaginis,  Pz.  ? ,  s. ;  (1)  Sphegrda  . 
(11)  Cerceris  labiata,  F.  9  . 

221  Chrysocoma  Linosyris,  L.  (Thuringia,  near  Haarhausen). 
-All  the  florets  in  the  capitulum  are  alike ;  those  at  the  edge  are 
merely  slightly  curved  outwards.    Radiating  marginal  florets  are 
useless  and  therefore  absent,  for  the  same  reason  as  m  the  case  ot 
Tanacetum.    The  golden-yellow  surface  formed  by  the  conjunction 
of  many  capitula  is  conspicuous  enough  to  attract  insects  from  a 
considerable  distance.    When  near  at  hand,  capitula  m  the  hrst 
(male)  stage  (Fig.  Ill,  1)  are  more  conspicuous  than  those  in  the 
econd  (female)  stage;  for  in  the  former  the  teeth  of  the  cordK 
which  are  3  mm.  long,  are  widely  outspread,  but  afterwards  they 
become  more  and  more  erect.    So  insects  are  induced  to  visit  the 
capitula  in  the  proper  order. 
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The  tube  of  each  floret  is  3|  to  4£  mm.  long,  the  wider  throat 
into  which  the  honey  rises  is  U  mm.  long,  so  that  the  honey  is 
easily  accessible.  The  simultaneous  fertilisation  of  numerous 
flowers  is  here  rendered  possible  in  a  way  different  from  that  in 
Tanacctum,  The  branches  of  the  style  are  1|  mm.  long,  and  they 
bear  on  their  outer  borders  a  row  of  stigmatic  papilJaa  (n,  2)  up 
to  a  point  above  their  middle  ;  above  this  point  they  broaden  and 
are  covered  with  hairs  both,  on  their  outer  surface  and  on  their 


Fig.  ill.— Chrysocoma  Linosyris  L 
1 -Flower,  in  first  (male)  stage. 
f --Ditto  in  second  (female)  stage. 
«,  Stigmatic  papilla, ;     pollen  -\  brush  of  hairs  •  « 


anthers ;  ov,  ovary. 


stomas  of  many  florets  simultaneously    *  ^  °VGr  the 

c?,  vervfron^T^w^^r^.*'  (1)  Halict»s  Aavipes,  F  X-m  w  „n  • 

nil  «    p  r  •' '  (  }      ^Imdricus.  F.  A  ab  •  u\  tt  '  V)       alblPes»  F. 

Btorum>  k-  >  (7)  E.  ^JSjl !'aU)|Sttapi?ien8'L-  (C>  ^-t"*  «£ 

'     1  tLree  8Pecies  8-  andf.p.,  very  ab.;  (6) 

Y  2 
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Muscidce  :  (8)  Ocyptera  cylindrica,  F.,  8.  C.  Lepidoptera— (a)  Rhopalocera  : 
(9)  Polyommatus  dorilis,  Hfh.  J  (10)  Lycsena  alsus,  W.  V. ;  (6)  Noctuce:  (11) 
Plusia  gamma,  L.,  all  three  s. 


Tribe  Inuloidece. 


222.  Gnaphalium  luteoalbum,  L.,  as  a  rule  only  comes  into 
bloom  at  Lippstadt  in  September.  On  the  wet,  sandy  places 
where  it  grows,  it  is  by  far  the  most  conspicuous  plant,  especially 
as  it  grows  associated  in  considerable  numbers.  One  sunny  day 
at  noon  (Sept.  29,  1869)  I  noticed  the  following  insects  upon  its 
capitula : — 

Visitors-  A.  Hymenoptera— (a)  Apidce:  (1)  Sphecodes  gibbus,  L.  <J$, 
several  varieties  including  ephippia,  L.,  s.  ;  (2)  Halictus  sexsignatus,  Schenck, 
>  2  b  •  (b)  Sphegidce :  (3)  Pompilus  viatieus,  L.,  s.  ;  (4)  Ceropales  maculata 
F  s'  B  Diptera— (a)  SyrpMdce :  (5)  Melithreptus  scriptus,  L. ;  (6)  Melano- 
stoma  mellina,  L.,  both  f.p.;  (6)  Muscidce:  (7)  Lucilia,  treq. ;  (8)  Pollema 
rudis,  F.,  both  f.p. 

GnctphaMum  uliginosum,  L.— On  the  inconspicuous  capitula  of 
this  plant  I  once  caught  Sphecodes  ephippia,  L.,  s. 

223  Pulicama  dysenterica,  Gartn.—  The  disk  of  the  capitu- 
lum  consists  of  more  than  600  florets.  Each  floret  has  a  tube  about 
4  mm  lona  narrow  below  and  wider  above,  terminating  m  five 
triangular  teeth.    I  could  not  discover  that  the  honey  rose  up 
into  the  wider  part  of  the  tube,  but  even  without  its  doing  so  it 
is  accessible  to  moderately  short-lipped  insects.    In  these  florets 
of  the  disk  no  part  of  the  style,  except  its  two  stigmatic  branches, 
protrudes  from  the  anther- cylinder.     The  stigmas  spread  apart 
horizontally,  close  above  the  corolla,  in  the  same  spot  where  the 
pollen  lay  in  the  first  stage,  so  that  here  also  many  florets  can  be 
fertilised  simultaneously  by  an  insect-visitor.    The  branches  of 
the  style  are  covered  over  their  whole  inner  surfaces  with  stig- 
matic papillae;  and  on  the  upper  third  of  their  outer  surfaces  with 
bairs  which  point  obliquely  upwards.     Along  the  edges  of  the 
"angular  valves  which  form  the  upper  end  of  the  -t^r-cylmder 
tancf  unicellular  hairs,  which  are  much  longer  and  bicker ^ 
the  sweeping-hairs  on  the  style  and  which  serve  to  hold  the 
po tie,  that  has  been  swept  out  of  the  anther-cyhndei     The  disk 
fs  surrounded  by  nearly  100  marginal  florets,  each  of  which  has 
L  outei golden-yellow  lobe  5  to  7  mm.  long;  in  these  the  tube  is 
Ttot  m  tng   nd  from  it  a  style  protrudes  identical  with  that  m 
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the  florets  of  the  disk,  possessing  even  the  sweeping-hairs  that  are 
here  useless  from  the  absence  of  stamens. 

Visitors:  A.  Hymenoptera-  -Apidat:  (1)  Heriades  truncoruni,  L.  $ 
very  freq.,  a.  and  o.p.  ;  (2)  Halictus  long ul us,  Sin.  <J;  (3)  H.  maculatus,  Sm. 
S\  (4;  H.  albipes,  F.  (5)  H.  cylindricus,  F.  $;  (6)  H.  nitidus,  Schenek, 
alls.  B.  Diptera — JSyrphidce  :  (7)  Eristalis  arbustorum,  L.  ;  (8)  E.  sepulcralis 
L.,  both  species,  f.p.,  very  ab. ;  (9)  Melithreptus  scriptns,  L.,  f.p.  C.  Lepid- 
optera— (10)  Polyommatus  dorilis,  Hfn. ;  (11)  Lycama  sp,  ;  (12)  Hesperia 
thaumas,  Hfn.,  s.  D.  Coleoptera—  Chrysomelidce :  (13)  Cassida  murram,  L., 
whose  larva  feeds  on  the  leaves  of  this  plant,  often  creeps  about  the  flowers  and 
effects  cross-i'ertilisation. 


Tribe  Helianthoidece. 

Zinnia,  my  brother  Fritz  MMer  tells  me,  is  visited  almost 
exclusively  by  Lepidoptera,  especially  HesperidaB,  at  Itajahy.  In 
North  America  it  is  visited  by  ruby-throated  humming-birds  also 
(73  0- 

224.  Helianthus  multifloeus,  L.— Delpino  found  Helian- 
thus  fertilised  chiefly  by  Heriades  truncorum,  L.,  which  tapped  the 
flowers  in  their  first  (male)  stage  with  its  abdomen,  and  dexterously 
swept  up  the  pollen  that  exuded  from  the  anther-cylinder  with  its 
abdominal  collecting-hairs  ;  hence  he  concluded  that  the  insect 
and  the  plant  had  been  specially  created  for  one  another  The 
various  relations  of  insects  to  flowers,  as  they  are  described  in  this 
book,  prove  such  a  conception  to  be  untenable. 

I  have  observed  as  visitors  of  H.  multijlorus 

A.  Hymenoptera-^^.-  (1)   Megachile  centuncularis,  F    cn  •  m 
Hahctus  zonul^Sm  ?,s.    B.  Diptera   Syrphidm :  (3)  Eristalis  tenax  L 
(4)  Syrphus  pyrastri,  L.  ;  (5)  S.  ribesii,  L.,  all  three  f.p  and  s  '  ' 


Tribe  Aiithemidece. 

225.  Achillea  Millefolium,  L.-This  plant  is  a  very  marked 
instance  of  the  advantage  of  many  small  flowers  being  united 
together  both  for  attracting  insects  and  for  simultaneous  cross 
fertilisation  of  many  flowers  by  a  single  insect-visitor 

2  mm  LIT  °f  thLdiSk'  C°r0lla  C°nsistS  °f  a  ™»  — ly 
2  mm.  long,  passing  above  into  a  throat  1  mm.  long  and  equally 

:  r z     tee\  Hory  is  "  ^ 

«<<  [p,  vig.  112,  2)  surrounding  the  base  of  the  style, 
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and  rises  up  into  the  throat  and  so  is  accessible  to  the  most  short- 
lipped  insects.  When  the  flower  opens,  the  two  divisions  of  the 
style  are  closely  appressed  and  project  into  the  lower  part  of  the 
anther-cylinder  which  is  filled  with  pollen  (Fig.  112,  2).    They  are 


Fig.  112. 

2.-Horet  of  the  disk,  just  expanding  ;  lawohon.   e.  ov«r>   /  t.iP  of  style, 

«?r^^^^  uiither- 

cylinder  ^  ^  more  ^  its  bract .  the  pollen  is  issuing  from  the  anther- 

Voider  disk-floret.  The  stigmns  are  separate  and  exserted  ;  the  anthers  have  oeen  withdrawn 
^l^^ylZ^^-^^^^^-  V.  stigmatic  papilla  *,  sweeping-hairs ; 

p,  pol'eii-gvains. 

6— g._ Chrysanthemum  leucanthemum,  L. 
6  _n!sk-floret,  in  first  (male)  stage. 

7.  — Ditto,  in  second  (fmiale)  stage.  .  Q, 

8.  -Tip  of  one  stigmatio  branch,  seen  from  the  inner  side  (.x  ou;. 


furnished  at  the  tip  with  divergent  hairs  (5),  so  that  as  the  stjle 
Cates  the  pollen  is  pressed  ont  at  the  npper  end  of  the  antl  - 
c  Under  whose  terminal  valves  (o,  2)  separate    FrnaU,  the  wo 
brani  ;  of  the  stvle  emerge,  spread  apart,  tnrnmg  then  stagmafe 
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inner  surfaces  upwards,  and  bend  their  hairy  tips  so  far  backwards 
and  inwards  that  some  of  the  pollen  which  remains  adhering  to 
them  is  removed  from  the  chance  of  contact  with  insects  (Fig. 
112,  4).    While  the  pollen  is  being  forced  up  the  anther-cylinder 
projects  slightly  beyond  the  corolla   (Fig.  112,3);  when  the 
stigmas  are  exposed,  the  anther-cylinder  lies  more  deeply  in  the 
throat  of  -the  corolla,  having  been  drawn  down  by  the  contracting 
filaments.    The  stigmas  thus  come  to  lie  immediately  above  the 
corolla,  in  the  same  spot  where  the  pollen  was  before.    The  result 
is  that  as  the  under-sides  of  insect-visitors  sweep  over  the  cap- 
itulum  they  come  in  contact  with  many  florets  and  effect  many 
cross-fertilisations  at  the  same  time.    In  this  species,  twenty  or 
more  florets  (which,  however,  do  not  develop  simultaneously,  but 
centripetally)  are  united  in  a  disk  about  3  mm.  in  diameter  ;  but 
since  five  florets  at  the  margin  have  each  an  external  lobe  over 
3  mm.  long  and  rather  more  than  3  mm.  broad,  the  diameter  of 
the  disk  is  increased  to  9  or  10  mm.    The  marginal  florets  have 
attained  this  enormous  development  of  the  corolla  at  the  expense 
of  the  stamens,  which  are  quite  absent ;  they  possess  a  style  how- 
ever, which  divides  into  two  branches,  covered  on  their  upper 
surfaces  with  stigmatic  papilla?  but  destitute  of  hairs.     In  spite  of 
the  enlargement  of  the  corolla  in  the  marginal  florets,  the  capitula, 
when  they  stand  alone,  are  not  very  conspicuous ;  but  very  many 
capitula,  often  more  than  one  hundred,  are  united  in  a  corymbose 
inflorescence,  which  is  not  only  very  conspicuous  but  permits  still 
more  extensive  cross-fertilisation  to  be  effected  at  once  by  an 
insect-visitor. 

226.  Achillea  Ptaemica,  L.,  is  distinguished  from  A  Mille- 
folium by  the  much  greater  size  of  its  separate  capitula,  which  are 
however,  associated  in  much  less  numbers  in  an  inflorescence  About 
eighty  to  over  one  hundred  florets,  each  scarcely  2|mm.  Ion-  are 
united  m  a  disk  6  to  7  mm.  in  diameter,  at  whose  edge  ei«*ht  to 
twelve  marginal  florets  stand.  Each  of  these  latter  possess  an 
outer  lobe  4 to  6  mm.  long  and  not  quite  so  broad,  whereby  the 

U or 6  T  A  attra?tiv\SUrface  of  ea<*  -pitulum  is  increased  to 
A  Jkotiier  points  the  flowers  agree  with  those  of 

Lfm£  r\B°th  Pk?tS  gr°W  in  abundance  in  the  same 

extent 2  6r  ^       Same  time'  and  are  visited  to  the  same 

ml  the  ,t same  ;nsect?  In  both' but  esPecia%  in  A- 

^Ttion  lTg  °d0Ur  °l  ^  P'antS  13  Pr°bab1^  a  S«*t  additional 
attraction,  for  species  of  Pr0S0pis,  which  are  especially  fond  of 
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strong-smelling  flowers,  are  often  found  in  great  numbers  on  both 
plants,  particularly  on  A.  Millefolium. 

The  following  list  of  insects,  which  I  have  observed  on  the 
flowers  of  these  two  species,  shows  how  successfully  the  attractive 
contrivances  described  and  the  easily  accessible  pollen  and  honey 
effect  their  purpose  : — ■ 

A.  Hymenoptera — (a)  Apidce :  (1)  Prosopis  variegata,  F.  $  $ ,  very  ab.  ; 
(2)  P.  pictipes,  Nyl.  $  <£,  both  species  s.,  and  gathering  pollen  with  their 
mouths  ;  (3)  Sphecodes  gibbus,  L.,  all  varieties,  including  ephippia,  L.,  $  $ ,  s., 
ab. ;  (4)  Halictus  cylindricus,  F.  $  £ ,  c.p.  and  s.  ;  (5)  H.  maculatus,  Sm.,  c.p. ; 
(6)  H.  leucozonius,  K.  $ ,  c.p. ;  (7)  H.  morio,  F.  5 ,  c.p.  ;  (8)  H.  villosulus, 
K.  $ ,  c.p. ;  (9)  H.  rubicundus,  Chr.  $ ,  s.  ;  (10)  H.  quadricinctus,  F.  <$ ,  s.  ; 
(11)  Audrena  fulvicrus,  K.  $       c.p.  and  s.,  ab. ;  (12)  A.  pilipes,  F.      s. ; 
(13)  A.  dorsata,  K.  $  <j,  c.p.  and  s.,  ab. ;  (14)  A.  chrysosceles,  K.  §  ;  (15)  A. 
fuscipes,  K.  £\  (16)  A.  nana,  K.  £ ,  s.  ;  (17)  A.  argentata,  Sin.      s. ;  (18)  A. 
albicans,  K.       s. ;  (19)  A.  lepida,  Schenck,  $,  s. ;  (20)  A.  nigripes,  K.  ? ,  s.  ; 
(21)  A.  denticulata,  K.  g ,  s.  ;  (22)  Colletes  fodiens,  K.  $  $ ,  c.p.,  f.p.  and  s., 
very  ab. ;  (23)  C.  Davieseana,  K.  $  £ ,  still  more  ab.  ;  (24)  Nomada  zonata, 
Pz.  ? ,  s.  ;  (25)  N.  ruficornis,  L.  ? ,  s.  ;  (26)  Stelis  breviuscula,  Nyl.  ? ,  s.  ; 
(27)  Heriades  trimcorum,  L.  ?       c.p.  and  s.  ;  (28)  Chelostoma  nigricorne, 
Nyl.  £ ,  s.  ;  (29)  Osmia  spinulosa,  K.  ? ,  c.p. ;  (30)  0.  leucomelsena,  K.  $ , 
c.p.  ;  (b)  Sphegidce:  (31)  Crabro  alatus,  Pz.,  Lep.  ?      ab.  ;  (32)  Cr.  subter- 
raneus,  F.  ?  ;  (33)  Lindenius  albilabris,  F.,  freq. ;  (34)  Oxybelus  bellus,  Dlb. ; 
(35)  0.  trispinosus,  F. ;  (36)  0.  uniglumis,  L.,  Dlb.,  all  three  ab.  ;  (37)  Philan- 
thus  triangulum,  F.  $  $ ,  freqi ;  (38)  Cerceris  arenaria,  L.  (v.  d.  L.),  not  rare  ; 
(39)  C.  labiata,  F.,  ab. ;  (40)  C.  variabilis,  Schrk.,  very  ab. ;  (41)  Dinetus 
pictus,  F. ;  (42)  Ammophila  sabulosa,  L.  ;  (43)  Pompilus  trivialis,  Kl.  $  ;  (44) 
P.  chalybeeatus,  Schiodte,  ?  ;  (45)  P.  plumbeus,  Dhlb.  ?  $,  (46)  P.  rufipes, 
L-  ?  £ ;  (47)  P.  viaticus,  L.  $  ;  (48)  Ceropales  maculata,  F,  freq.  ;  (c)  Vespidce  : 
(49)  Odynerus  sinuatus,  F.  ?  ;  (50)  0.  parietmn,  L.  <J  ;  (51)  Pterocheilus 
phaleratns,  Latr.  ?  ;  (d)  Chrysidce  :  (52)  Hedychrum  luciduhun,  Latr.,  Dhlb. 
?      freq.  ;  (e)  Tenthredinidce :  (53)  Tenthredo  notha,  KL,  s.,  very  freq.  ;  (54) 
Tenthredo  scrophularise,  L.  ;  (55)  Several  undetermined  sp.  of  Tenthredo.  B. 
Diptera— (a)  Stratiomyidce  :  (56)  Odontomyia  viridnla,  F.,  ab.  ;  (b)  Tabanidm  : 
(57)  Tabanus  rusticns,  L.,  freq.  ;  (c)  Bombylidm :  (58)  Exoprosopa  capucina, 
F   freq.  ;  {d)  Empidce :  (59)  Empis  livida,  L.,  ab. ;  (e)  Syrphida  :  (60)  Meli- 
threptus  scriptns,  L.  ;  (61)  M.  tEeniatus,  Mgn.  ;  (62)  Volucella  bombylans,  L. ; 
(63)  V.  pellucens,  L.  (Almethal) ;  (64)  Eristalis  sepulcralis,  L.  ;  (65)  E.  tenax, 
L.  ;  (66)  E.  arbustorum,  L.  ;  (67)  E.  nemorum,  L.,  all  four  ab.,  both  s.  and  f.p., 
usilally  covered  below  with  pollen  ;  (68)  Syritta  pipiens,  L.,  s.  and  f.p.,  ab.  ; 
(69)  Eumerus  sabulonum,  FaU. ;  (/)  Conopidce :  (70)  Conops  flavipes,  L. ; 
(71)  Physocephala  vittata,  F,  both  freq.,  s.  ;  (g)  Muscidce  :  (72)  Gymnosoma 
rotundata,  Pz.  ;  (73)  Ocyptera  cylindrica,  F. ;  (74)  Echinomyna  ferox,  Pz 
freq  ■  (75)  E.  tesselata,  F. ;  (76)  Gonia  capitata,  Fallen.    C.  Lepidoptera-(a) 
Rhopalocera:  (77)  Pieris  napi,  L. ;  (78)  Hesperia  silvanus,  Esp. ;  (79)  Satyrua 
namphilus  L.  ;  (80)  Polvommatus  Phloeas,  L. ;  (81)  Lycsna  ^gon,  S.  V.  ;Jb) 
Crambina  ■  (82)  Botys  purpuralis,  L.,  all  s.    D.  Coleoptera-(a)  Buprestuim: 
(83)  Anthaxia  nitidula,  I,  (Thur.)  ;  (b)  Cerambydda :  (84)  Leptura  testacy 
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L. ;  (85)  L.  livida,  F.,  both  f.p. ;  (c)  Goccinellidm :  (86)  Exochonius  auritus, 
Scriba,  ab. ;  {<])  Ghrysomelidm :  (87)  Cryptocephalus  sericeus,  L.,  feeding  on 
the  tissues  of  the  flower.  Forty-three  additional  visitors  (including  fifteen 
beetles)  are  enumerated  in  No.  590,  m.    See  also  No.  609. 

227.  Anthemis  arvensis,  L.— The  structure  of  the  flower  is 
similar  to  that  of  Chrysanthemum  leucanthemum  and  Matricaria 
Ghamomilla;  in  regard  to  conspicuousness  and  amount  of  insect- 
visits  it  stands  between  the  other  two.  Each  capitulum  forms 
a  white  circle  21  to  27  mm.  in  diameter,  with  a  central  yellow 
disk  5  to  7  mm.  in  diameter.  Since  the  plant  does  not  possess 
the  strong  odour  of  M.  Ghmnomilla  it  is  visited  by  numerous  bees. 

Visitors  :  A.  Hynienoptera—  (a)  Apidce  :  (1)  Apis  mellifica,  L.  $ ,  s. ;  (2)  An- 
drena  Schrankella,  Nyl.  5,  c.p.  and  s. ;  (3)  A.  nigroaanea,  K.  9,  c.p.  and  s  • 
(4)  A.  fulvicrus,  K.  9,  c.p.  and  s.  ;  (5)  A.  nana,  K.  ? ,  s.  ;  (6)  A.  minutula, 
JW  J  (7)  Hahctus  lucidulus,  Scbenck,  9  ;  (8)  H.  nitidiusculus,  K.  9  ;  (9) 
Colletes  Davieseana,  K.  9  $,  c.p.  and  s.,  ab.  ;  (b)  Sphegidm :  (10)  Cerceris 
variabilis,  Schrk.  £ ;  (11)  Crabro  cribrarius,  L,  Dlb.  9;  (12)  Cr.  alatus  Pz 
6  ?  ;  (c)  Tenthredinidce :  (13)  Tenthredo  notba,  Kl.    B.  Diptera—  (a)  Stra- 
homyidv:  (14)  Nemotelus  pantherhms,  L,  veryab.  ;  (b)  Syrphidm :  (15)  Eri- 
stalis  arbustorum,  L.  •  (16)  E.  nemorum,  L. ;  (17)  E.  tenax,  L.  ;  (18)  E 
sepulcraks,  L  all  four  f.p.,  ab.  ;  (19)  Syritta  pipiens,  L.  ;  (c)  Muscidce :  (20)' 
Echrnomyra  tesselata,  F. ;  (21)  Scatophaga  stercoral,  L. ;  (22)  Sc.  merdaria 
t   all  three  f.p    C.  Coleoptera    (a)  Elateridce :  (23)  Athous  niger,  L.  ;  (b) 
Curcuhomdce:  (24)  Bruchus  sp. ;  (c)  Gerambycidce :  (25)  Leptura  livida,  L. 

1870)28-ANTHEMIS  TINCT0EIA'  L-  (Thu™gi^  July,   1868  and 

Visitors:  A.  Hymenoptera-(«)  Apidce:  (1)  Colletes  marginata,  L  *  s  • 
2)  Ha  ctus  maculatus,  Sm.  9, c.p.;  (3)  Heriades  truncorurn,  L.  9  s  and' 
c-p.;    b)  Ichneumonidce:  (4)  Various  sp.    B.  Diptera-(a)  Swphidm-T) 

i*xDn.,  an  tiiree  l.p.  ,  (b)  Conopidce :    8)  Myopa  sp.,  s.  :  (c)  Muscidm  ■  (Q\ 
Gymnosoma  rotundata,  L. ;  (10)  TJlidia  erythrophthaima  Mgn, t  CciJ 
M    nw  (11)  Agriotes  gallicus,  Lap.  ;(b)  «S 

described  and  additional  visitor^ fare  enumerated in  No.  590.  " 

229.  Chrysanthemum  leucanthemum,  L.  (Fig.  112  6~8) 
long  uU1  e  to  form  a  yellow  disk  12  to  15  mm.  in  dial"" 

wSd^  b5^  r  " ^ 
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florets  of  the  disk,  the  throat,  into  which  the  honey  rises,  is  scarcely 
1  mm.  deep,  so  that  the  honey  is  accessible  to  the  most  short- 
lipped  insects.    In  the  first  stage  (Fig.  112,  G),  the  pollen,  and  in 
the  second  (Fig.  112,  7),  the  stigmas,  stand  immediately  above  the 
corolla ;  insects  moving  over  the  capitulum  must  cross-fertilise  many 
florets  simultaneously.    The  branches  of  the  style  end  in  a  thick 
tuft  of  divergent  hairs  (/,  8),  which  sweep  the  pollen  out  of  the 
anther-cylinder  (p,  6)  as  the  style  elongates.    The  inner  surface  of 
each  division  of  the  style  bears  two  broad  rows  Qc',  8)  of  stigmatic 
papilla),  separated  by  a  narrow  interval ;  these  stigmatic  papillae 
extend  over  the  outer  edges,  and  are  there  regularly  dusted  with 
pollen  if  the  pollen  which  has  got  heaped  above  the  anther- 
cylinder  by  the  protruding  style  is  not  removed  by  insects.  ^  Self- 
fertilisation  is  as  inevitable  in  absence  of  insects  as  cross-fertilisation 
is  when  their  visits  occur.    The  stigmatic  surfaces  in  the  marginal 
florets  are  just  as  in  the  florets  of  the  disk  ;  but  the  now  functionless 
sweeping-hairs  are  distinctly  shorter  in  the  marginal  florets. 

Visitors  :  A.  Hvmenoptera— (o)  Apida :  (1)  Prosopis  communis,  N.  ?  ; 
(2)  Spliecodes  gibbus,  L.  ?  <J ,  all  varieties,  including  ephippia,  L.  ;  (3)  Ha- 
lictus  maculatus,  Sm.  ?  <J ,  c.p.  and  s.,  free,.  ;  (4)  H.  leucozonius,  Schr.  ? ,  c.p  ; 
(5)  H.  albipes,  F.  $,  8.;  (6)  H.  cylindricus,  F.  ?      c.p.  and  s.,  very  ab  ;  (/) 
H.  villosulus,  K.  $  <J,  c.p.  and  s.  ;  (8)  H.  rubicundus,  Chr.  ?,  c.p.  j  (9)  An- 
drena  xnnthura,  K.  ?,  s.  ;  (10)  A.  nigroamea,  K.  ?,  c.p.  ;  (11)  Oolletes 
Davieseana,  K.  ?  «J ,  c.p.  and  s.,  very  ab.  ;  (12)  Bombus  terrestria  L.  ?,  s., 
once     (Here  also  Delpino's  distinction  between  Composite  adapted  tor  ±la- 
lictus  and  those  adapted  for  bees  with  abdominal  brushes  falls  to  the  ground, 
for  though  the  fiat  disk  of  Chrysanthemum  leucanthemum  must,  according  to 
Delpino,  be  fertilised  mainly  or  exclusively  by  bees  with  abdominal  brushes,  I 
found  no  such  bees  on  it,  but  many  specimens  of  Halictus  Andrena  and 
Colletes).    (b)  Sphegidcz :  (13)  Cerceris  variabilis,  Sehrk.  j  (14)  Crabro  eepha- 
lotes,  Shuck.   ?;   (15)   C,  cribrarius,  L.,  Dlh  $     req. ;  (16)   Oxybe  u 
uniglumis,  L.,  Dlb.,  ab.  ;  (17)  0.  trispinosus   F  ;  (c)  Ichnevmomda  18 
Various  sp'. ;  (eZ)  Tenthredinidce :  (19)  Tenthredo  (Allantus)  notha  Kl  k  W 
T.  scrophularice,  L.  ;  (21)  Several  undetermined  sp.  of  Tenthredo  ;  (22)  to- 
bex  sericea,  I,  .B.  Diptera-(a)  Evipidce  :  (23)  Empisrustica ,  F  s  ;  (6 )  Shar 
tiomvidcB :  (24)  Nemotelus  pantherinus,  L.,  exceedingly  abundant  sucking  , 
(2  )  OcLtomyia  viridula,  F,  very  ab.,  s.  ;  (c)  Bomlylid*  :  (6)  Systoochu 

ulLeus,  Mikan,  s.  (Sid.)  ;  id)  .^J^^ 'MS 

Cheilosia  fratema,  Mgn.  ;  (29)  Syrphus  mtidicolhs, 

threptus  tamiatus,  Mgn.,  f.p.  ;  (31)  Volucella  pellucens,  L.  (Sid )  (32)  Sjutta 
pipiens,  L,  s.  ;  (33)  Eristalis  arbustorum,  L  ;  (34 JK 

^ZTi  pL:  (^  K  pSi  L , 
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Zett.  ;  (47)  Musca  co.rvina,  F.  ;  (48)  Scatophaga  stercoraria,  L.,  s. ;  (49)  Mac- 
quartia  pratica,  Zetfc.  ;  (50)  Sepsis  sp.,  s.  C.  Lepidoptera— (a)  h'hopalocerd  : 
(51)  Meliucu  Athalia,  Esp. ;  (52)  Hesperia  alveolus,  H. ;  (53)  Satyuis  Janira, 
L.  ;  (h)  Sphinges :  (54)  Ino  statices,  L.,  freq.  ;  (c)  Noctum :  (55)  Anarta 
myrtilli,  L.,  all  s.  D.  Coleoptera— (a)  Nitidulidce:  (56)  Meligetlies,  veryab.  ; 
(b)  Derme&tida:  (57)  Antlirenus  pinipinella3,  F.,  f.p. ;  (c)  Elateridce:  (58) 
Athous  niger,  L.  ;  (d)  Lamellicornia :  (59)  Cetonia  aurata,  L  (Sid )  •  (60) 
Trichius  fasciatus,  L.,  ab.  j  (61)  Tr.  nobilis,  L.  ;  (e)  Malacodermata':  (62) 
Malachius  ameus,  L.  ;  (63)  Dasytes  flavipes,  F.  ;  (64)  Trichodes  apiarius,  L.  ; 
if)  Mordellida :  (65)  Mordella  aculeata,  L.,  ab.  ;  (66)  M.  fasciata,  F  •  (g) 
(Jerambycidce:  (67)  Strangalia  attenuata,  L.  ;  (68)  St.  armata,  Hbst.  ;  (69)  St. 
atra,  F.  ;  (70)  St.  melanura,  L.,  ab.  ;  (71)  Leptura  livida,  F.,  very  l'req.  ;  (72) 
Pachyta  octomaculata,  F.  (Sid.  Siebeiigebirge).  See  also  No.  ego  in  and 
No.  609. 


Altogether  I  have  observed  on  C.  kucantliemttvi  


Apidae. 

Otlier 
H\meno- 
ptera. 

Lepido- 
ptera. 

Diptera. 

Coleo- 
ptera. 

Hemi- 
ptera. 

Total. 

In  Low  Germany 

14 

11 

8 

30 

21 

84 

On  the  Alps  ... 

5 

2 

34 

20 

6 

1 

68 

In  each  100  insect-visitors  there  are  therefore— 

ApidiB. 

Other 
Hymeno- 
plera 

Lepido- 
ptera. 

Diptera. 
357 

Coleo- 
ptera. 

Hemi- 
ptera. 

Total. 

In  Low  Germany 

16*6 

131 

9-5 

25-0 

99'9 

On  the  Alps  ... 

7-4 

2-9 

50-0  J 

29-4 

8  8 

1-4 

999 

230.  Chrysanthemum  inodorum,  L.— The  onlv  vim>nr=  tut  t 
have  noticed  are  EedycKrum  luMulum>  Dhlh  /few d" fnd 
Uhdia  erythrcphthalma,  Mgn.  (Muscidaa).  ^ysiase;,  and 

231.  Chrysanthemum  corymbosum,  L.— (Thuringia)  :— 

B.  SpSiL^?72%Vdf  ^  '  ?\  °erCeriS  ^ihXSchrk.  9. 
(3)  Capsus  sp.,  s  Ida  do^l  ?  ;r°pllthalma'  M°n"  C"  Hemiptera- 
Hemiptera,  five  Hyrn  nit  I  J™6  Co]eoPte™,  *>nr  Diptera,  one 
590,  ill.  HymenoPtera,  three  Lepidoptera)  are  enumerated  in  No 
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232.  Chrysanthemum  Parthenium,  Pers  •— 

Visitors:  Lepidoptera—  Sphinges .-  Sesia  tipuliformis,  L.,  s.,  also  Halictus 
and  Fcenua  (No.  590,  hi.). 

233.  Matricaria  Chamomilla,  L.— The  general  structure  of 
the  flower  agrees  with  that  of  C.  huccmthemum,  but  the  receptacle 
of  the  capitulura  is  always  more  convex  in  this  plant. 

As  the  centripetal  development  of  the  florets  proceeds,  the 
receptacle  rises  up  into  a  cylinder,  rounded  off  above.  Those 
florets  which  have  ceased  blooming  always  occupy  the  outer  rim 
around  the  cylinder,  those  that  are  still  in  the  bud  occupy  its 
rounded  apex,  those  that  are  in  full  bloom  occupy  the  space  between 
on  which  insects  alight.  The  result  of  this  peculiarity  is  that  insects 
always  come  at  once  to  the  right  spot  for  obtaining  their  booty  and 
for  fertilising  the  flowers. 

In  regard  to  couspicuousness,  M.  Chamomilla  is  far  inferior  to 
C  Imcanthemum ;  for  each  capitulum  forms  a  white  circle  18  to 
24  mm.  in  diameter  against  40  mm.  or  more  in  G.  leucanthemum, 
with  a  yellow  central  disk  6  to  8  mm.  in  diameter  against  12  to  lo  mm. 
in  the  other.  Accordingly  its  insect-visitors  are  far  less  numerous 
and  less  varied.  The  strong  odour  which  the  capitula  emit  seems 
disagreeable  to  most  bees ;  only  the  species  of  Prosopis,  which  are 
themselves  strong-smelling,  are  fond  of  the  plant,  as  they  are  also 
of  Bnta  graveolens,  etc.  The  odour  seems  pleasant,  on  the  other 
hand,  to  flies ;  they  are  found  abundantly  on  the  capitula,  and 
constitute  the  chief  fertilisers  of  the  plant. 

Visitors  •  A  Hymenoptera-(a)  Apidw :  (1)  Prosopis  signata,  Pz.  $  ?, 
ab  2 )  Sphetdes  gibb-  L.  ?  (6)  SPnegi<?« :  (3)  Oxybelus  umglunus 
L  ab  B.  Diptera— (a)  Stratiomyid*  :  (4)  Nemotelus  pantherirms,  L.,  yerj 
t?    s  •  (b)  Evwidce  :  (5)  Empis  livida,  L.,  ab.,  s.  ;  (c)  Syrphnda :   6)  En- 

'  1    +   irm  T   •  m  E  nemorurn  L.  ;  (8)  E.  sepulcralis,  L,  all  three 
stalia  arbustorum,  L.  ,  (..)      nemorurn,  n  ,  v  j       ^  .  .  Q)  g 

very  ab.,  f.p.  ;  (9)  Svri.ta  p,,,,ens,  L  very  ab  $^*^<>> 
^  ZTil  '(13)  L-i'.  Stw"  Spilogaeter  nigrita, 

(16)  Leptara  li.ida,  L. ;  (17)  Strangaha  attenuate,  L.,  both  not  rare, 
also  No.  590,  in. 

214,  Tanacetum  vulgare,  L.-Several  hundred  florets  are 
^era^s«T;ingle  surface.    T„e  urdon  of  opifc* 
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to  form  one  golden-yellow  surface  is  not  only  of  advantage  to 
this  plant  by  increasing  its  conspicuousness  and  thereby  attracting 
more  insects,  but  also,  as  in  Achillea,  because  the  insects  easily 
pass  without  interruption  over  the   whole  surface   and  cross- 
fertilise  Very  many  florets  with  their  feet  in  the  shortest  possible 
time.     It  is  of  especial  advantage  to  pollen-collecting  bees  and 
pollen-feeding  flies,  letting  them  perform  their  work  in  the  quickest 
and  most  convenient  manner;  and  this  advantage  to  the  insects 
reacts  upon  the  plant  itself,  since  these  pollen-seeking  insects 
naturally  prefer  those  flowers  which  offer  them  such  perceptible 
advantages.    The  honey  is  generally  accessible,  since  the  throat  of 
the  corolla  is  only  1  mm.  deep.    The  condition  of  the  style  aids  in 
the  simultaneous  fertilisation  of  many  florets  by  a  single  visitor. 
It  bears  at  its  apex  a  capitate  tuft  of  divergent  hairs,  and  in  the 
first  stage  of  the  flower  it  presses  the  pollen  out  of  the  anther- 
cylinder,  raising  it  just  so  high  that  it  can  be  swept  off  the  surface 
of  the  capitulum  by  the  insects ;  afterwards  in  the  second  stage,  it 
spreads  out  its  two  branches,  set  with  stigmatic  papillae  on  their 
inner  surfaces,  in  the  same  place  that  the  pollen  occupied  before. 

Visitors  :  A.  Hymenoptera-(o)  Apidm :  (1)  Apis  mellifica,  L.     ,  s  ;  (2) 
Co  letes  iodiens,  K.  «J  ? ,  s.  and  c.p.}  veiy  ab_  .  (3)  Q  Davies         £  *  ?  / 
and  c.p  still  more  ab.  ■  (4)  Halictus  maculatus,  Sir,  £  ?,  s.  and  c.p.  very  ab  \ 
(o)  Andrena  iulvicrus,  K.  $ ,  s.  •  (6)  A.  denticulata,  K.  ?,  c.p.  ;  (7)  Sphecodes 
gibbus,  L.  J  ?  several  varieties,  including  ephippia,  L,  s.,  and  receiving  some 
pollen  upon  their  hairs;  (b)  Sphegidce :  (8)  Dinetus  pictus,  F.  Q  *    freq  ■ 
(9)  Mellmus  arvensis,  L. ;  (10)  Crabro  sp.  ;  (c)    Vespidce:  (11)  Odynerus 
parietum  L.  *     B.  Diptera-(a)  Stratiomyidce :  (12)  Odontomyia  vhidula, 
F ab  ;  (6)  Syrphdce:  (13)  Eristalis  arbustorum,  L.  ;  (14)  E.  nemorum,  L. 
(15)  SyiThusribeSii,L.,  all  three  f.p.,ab.;  (16)  Syritta  pipiens.  L   s  and  fx, 
very  freq.;  (17)  Melithreptus  hiatus,  Mgn.,  f.p. .  (c)  Musl2  {18^- 
cophaga  carnaria,  L.    C.  Lepidoptera-(a)  Rhopalocera :  (19)  Polyomnmtus 
Ph  ceas,  L.  (as  late  as  Oct.  19)  ;  (20)  P.  dorilis,  Hfn.  ;  (21)  Vanessa  Ateknta 
L  (as  late  as  Sept.  27) ;  (/;)  Nocture:  (22)  Hadena  didyma  EspTs   £ Z 
(o)  Crania:  (23)  Botyspurpuralis,  L.,all,  D.  Coleoptera-S  cte (4' 
CoccmeUa  ^punctata,  L.  ;  (25)  C.  quinquepunctata,  L.    E  BtaS^lSS 
Several  species  of  bugs.    F  Neurmilern    w\  p  nemipteia— (2b) 

See  also  No.  590,111.  ^™ptcra-(27)  Panorpa  communis,  L.,  freq. 

235  Artemisia  Dbacunculus,  L„  is  anemophilous,  but  Herr 
Borgstette  has  seen  it  visited  by  Melanesia  meLa  (Spphidi) 

Tribe  Senecionidece. 

thirty  to  lT^°/A7 ABA'  LrIn  ceotre  °f  «*  -PiW»»  are 
thntyto  lorty  male  florets,  around  which  stand  about  tl,ree  hundred 
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female  florets.  At  night  and  iu  dull  weather  the  capitulura  closes  up, 
but  in  sunshine  it  expands  to  a  golden -yellow  disk  20  to  25  mm.  in 
diameter.    The  central  florets  have  an  ovary  with  an  abortive  ovule  ; 
around  the  base  of  the  style  is  a  yellow,  fleshy  nectary,  which  ,is 
visible  through  the  base  of  the  white  tube  of  the  corolla,  which  is 
4  mm.  long.    The  honey  rises  into  the  dark-yellow,  conical  throat, 
which  is  more  than  1  mm.  long ;  from  this  throat  the  auther- 
cylinder  protrudes.    The  branches  of  the  style  remain  coherent 
almost  to  the  tip,  and  are  covered  above  and  on  their  outer  sides 
with  short  sweeping-hairs.    The  marginal  florets  have  a  perfect 
ovule,  a  tube  3  mm.  long,  devoid  of  honey,  and  a  narrow  linear 
outer  lobe  6  to  8  mm.  long.    The  style  projects  2  to  8  mm.  beyond 
the  tube  of  the  corolla,  and  divides  into  two  branches  not  half  a 
millimetre  long,  furnished  on  their  inner  surfaces  with  stigmatic 
papillae  and  on  their   outer   surfaces  and  at  their  tips  with 
sweeping-hairs  which  are  no  longer  of  use  to  them.    Thus  division 
of  labour  has  here  taken  place  :  the  marginal  florets  make  the 
capitulum  conspicuovis  and  produce  seed,  while  the  central  florets 
secrete  honey  and  produce  pollen.    The  stigmas  in  the  marginal 
florets  are  distinctly  developed  before  the  pollen  emerges  at  the 
top  of  the  anther-cylinder ;  so  that  if  sufficient  insect-visits  occur, 
cross-fertilisation  of  separate  capitula  always  takes  place.  In 
absence  of  insects  self-fertilisation  is  obviously  impossible. 

Visitors  (April  11,  1869,  Stromberg  Hill):  A.  Hymenoptera— Apidce  : 
(1)  Apis  mellitica,  L.  $ ,  in  hundreds,  s.  and  c.p.  ;  (2)  Andrena  fulvicrua, 
K  ? ,  do  ;  (3)  A.  Gwynana,  K.  $ ,  s.  and  c.p.,  freq.  ;  (4)  A.  parvula,  K. 
$  do.  ;  (5)  Halictus  nitidus,  Schenck,  ?  ,  c.p.  B.  Diptera— (a)  Bomhylidce : 
(6)  Bombylius  major,  L.,  s.  ;  (6)  Syrphiilas :  (7)  Eristalis  tenax,  L.,  f.p.  C. 
Coleoptera-i^uMicta :  (8)  Meligethes,  f.p.,  freq.  A  list  of  Alpine  visitors 
(twenty-one  flies,  three  bees,  one  ant,  two  Lepidoptera)  is  given  m  my 
Alpenblumen  (609). 

Pdasites  albus,  Gartn.,  is  dioecious,  and,  as  is  usual  in  dioecious 
plants,  the  male  capitula  are  the  more  conspicuous.  In  the  female 
capitula  there  are  two  kinds  of  florets.  In  the  centre  are  some  whose 
only  function  is  to  produce  honey,  but  which  possess  functionless 
stamens  and  pistil ;  and  around  these  stand  a  much  larger  number 
of  female  florets,  which  produce  no  honey  and  possess  no  stamens. 
The  male  capitula  may  consist  of  florets  of  one  kind  only ;  these 
secrete  honey  and  possess  a  style,  whose  branches  sweep  out  the 
pollen  from  the  anther-cylinder  by  means  of  hairs  m  the  ordinary 
way  But  are  not  provided  with  stigmatic  papillae.  But  the  ma  e 
capitula  as  often  as  not,  contain  some  small  funciionlesa  florets 


part  nr.]        THE  MECHANISMS  OF  FLOWERS.  335 


also ;  these  occupy  the  same  position  in  the  male  capitulum  as 
the  sexual  florets  in  the  female,  and  they  resemble  the  latter  in 
the  complete  absence  of  a  nectary  and  of  stamens,  in  the  possession 
of  a  style,  and  in  the  very  narrow  tubular  corolla.  They  are 
obviously  degenerate  female  florets,  which  occupy  in  reduced 
numbers  and  in  a  functionless  condition  the  place  that  in  the  primi- 
tively hermaphrodite  or  gynomoncecious  capitulum  was  occupied  by 
functional  female  florets  (609). 

Homogyne  alpina,  Cass.,  is  gynomoncecious.  The  marginal 
female  florets  secrete  no  honey  and  have  lost  all  traces  of  stamens, 
and  their  corolla  is  reduced  to  a  short  and  narrow  tube  with  a 
more  or  less  insignificant  remnant  of  a  ligulate  limb.  I  have 
seen  the  plant  visited  by  five  Diptera,  one  humble-bee,  and 
twenty-eight  Lepidoptera  (609). 

237.  Arnica  Montana,  L.  (Sid.)  : — 

Visitors  :  A.  Hymenoptera— Apidce :  (1)  Apis  mellifica,  L.  $ ,  s.  and 
c.p.,  ab.  ;  (2)  Bomlms  pratorum,  L.  $ ,  s.  ;  (3)  Andrena  Gwynana,  K.  ? ,  c.p. 
B.  Diptera— (a)  Bombylida :  (4)  Anthrax  hottentotta,  L.  ;  (b)  Empidce :  (5) 
Empis  tesselata,  F.,  s.,  ab.  ;  (c)  Syrphidce :  (6)  Eristalis  liorticola,  Mgn.  ;  (7) 
E.  arbustorum,  L.  ;  (8)  E.  nemorum,  L.,  all  three  very  ab.,  s.  ;  (9)  Svrphus 
ribesii,  L.,  ab.  ;  (10)  S.  umbellatarum,  Mgn.  ;  (11)  Volucella  bornbvlans, 
'  frecl-;  (12)  V-  pellucens,  L.,  all  s.  and  f.p.  (d)  Conopidce:  (13)  Sicus 
ferrugmeus,  L.,  s.  C.  Lepidoptera— Rhnpalocera :  (14)  Argvnnis  A°laia  L 
(15)  Vanessa  urticse,  L. ;  (16)  Vanessa  Io,  L.,  all  three  s.  D.  Coleoptera—  (a 
Lamellicornia  :  (17)  Trichius  fasciatus,  L.  ;  (6)  Chrysomclidm  :  (18)  Crypto- 
cephalus  sericeus,  L. 

The  structure  of  the  flower  is  described  in  my  AlpcnUumen. 
On  the  Alps  I  have  found  it  visited  by  three  beetles,  seven  flies 
four  humble-bees,  and  thirty-four  Lepidoptera. 

238.  Senecio  Jacobs,  L.— Sixty  to  eighty  florets,  each  con- 
sisting of  a  tube  21-  to  3  mm.  long  and  a  throat  equally  long  are 
united  into  a  disk  7  to  10  mm.  in  diameter  ;  twelve  to  fifteen 
radiating  marginal  florets  increase  this  diameter  threefold.  The 
style  has  the  same  characters  as  in  Tanacetum. 

cnViS°p:  t  HfmTPtera-(a)  AV'Hlm:  0)  Apis  mellifica,  L.  $ ,  s.  and 
cv  and  .  *  kpidar'US'  -  9  <?  i  cp.  and  s.  ;  (3)  B.  pratorum,  L.  $  6, 
(6)'a  LV       \CanmpeStri8'  PZ-       8-  i  (5)  Andrena  fulvicrus,  K.  ?,  cp 

F  £  Th  T:   { t? '  Ct  ''  (?)  HaliCtUS  F-  *  i  (8  a  albipes 

i'  S'  (9)  IL.  mac«latus,  Sm.        (10)  H.  nitidus,  Schenck  A  all  s  •  11") 

9  ,  (14)  N.  ferrugmata,  K.  ?,  all  s.  .  (16)  Qsmia  spinulo.a,  K.    9 ,  c.p. 
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(Thuringia)  ;  (16)  Heriades  trimcorum,  L.  $  <$ ,  s.  and  c.p.  (b)  Tenthredinidce  : 
(17)  Tarpa  cephalotes,  F.  (Thur.)  B.  Diptera — (a)  Stratiomyiclce  :  (18)  Odonto- 
myia  viridula,  F.,  s.  and  f.p.,  very  ab.  ;  (b)  Syrphidm  :  (19)  Eristalis  tenax,  L.  ; 
(20)  E.  nemoruin,  L. ;  (21)  E.  arbustorum,  L.  ;  (22)  E.  sepulcralis,  L.  ;  (23) 
E.  seneus,  Scop.  ;  (24)  Syritta  pipiens,  L.  ;  (25)  Ascia  podagrica,  F.,  all  very 
ab.,  both  s.  and  f.p.  ;  (26)  Cheilosia  soror,  Zett.  ;  (27)  Ch.  pracox,  Zett. 
(Teklenburg,'  Borgst.),  freq.  ;  (c)  Empidce :  (28)  Empis  livida,  L.,  very  a.b.,  s.  ; 
(d)  Muscidce :  (29)  Lucilia  sp.  ;  (30)  Pollenia  rudis,  F.  ;  (31)  Aricia  incana, 
Wiedem.  ;  (32)  Onesia  floralis,  R  D.  ;  (33)  0.  sepnlcralis,  Mgn.  ;  (34)  Oliviera 
lateralis,  Pz.,  very  freq.  ;  (e)  Mycetophilidce  :  (35)  Seiara  Thoniae,  L.  C.  Lepi- 
doptera—  (a)  Ehopalocera :  (36)  Polyommatus  Phloeas,  L.  ;  (37)  Satyrus 
byperanthus,  L.  ;  (b)  Sphinges  :  (38)  Sesia  asiliformis.  Rott.  (Thur.),  all  s. 
D.  Coleoptera  :  (39)  GEdemera  virescens,  L.,  f.p.  E.  Hemiptera— (40)  Capsus 
sp.    See  also  No.  590,  rxr. 

239.  Senecio  vulgaris,  L. — Sixty  to  eighty  florets  unite  to 
form  a  capitulum.  In  each  the  tube  is  3£  to  4  mm.  long,  the 
throat,  to  whose  base  the  honey  rises,  is  only  1  to  mm.  long ; 
the  honey  is  therefore  very  easily  accessible.  But  since  the 
capitula  have  no  marginal  florets  with  long  outer  lobes,  and  are 
scarcely  4  mm.  in  diameter,  they  are  very  inconspicuous  and  are 
very  sparingly  visited  by  insects. 

In  the  course  of  fifteen  years  I  have  only  seen  the  plant 
visited  by  one  drone-fly,  Syritta  pipiens,  s.  and  c.p.  freq.,  and  by 
Pyrocoris  altera,  L,  s.  ;  Dr.  Buddeberg  found  two  bees,  Ealictus 
morio,  F.  ? ,  c.p.,  and  Heriades  trmieorum,  L.  6 ,  s. 

On  the  other  hand,  self-fertilisation  takes  place  regularly.  The 
pollen-grains,  swept  out  by  the  hairs  at  the  tip  of  the  style,  remain 
partly  on  the  edge  of  the  stigmas  and  partly  fall  upon  their  inner 
surfaces  when  they  separate.  It  is  certain  that  this  self-fertilisation 
is  effectual,  for  the  plant  is  fully  productive  even  in  periods  of  bad 
weather,  when  it  is  assuredly  not  visited  by  insects. 

Tribe  Cynaroidece. 

^40  Echinops  sph^ROCEPHALUS,  L .— The  corolla  is  5  to  6  mm. 
W  and  almost  filled  up  by  the  style;  it  is  cleft  nearly  to  the 
base  into  five  linear  lobes,  and  the  honey  is  therefore  accessible 
to  very  short-lipped  insects.  The  stigmas  are  not  only  surrounded 
by  a  ring  of  long  hairs  at  their  base,  but  are  covered  with  short 
hairs  on  the  whole  of  their  outer  surfaces.  As  the  style  emerges 
from  the  anther-cylinder  it  sweeps  the  greater  part  of  the  pollen 
before  it  but  remains  dusted  with  a  small  part.  After  emerging, 
its  two  branches  (stigmas)  remain  still  for  some  time  folded  together, 
so  that  the  insect-visitors  may  remove  the  pollen  adhering  to  then 
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outer  surfaces ;  finally  they  separate  and  display  their  inner  sur- 
faces (which  are  smooth,  but  capable  of  fecundation)  to  the  touch 
of  visitors.    Self-fertilisation  cannot  occur. 

Hymenoptera—  (a)  Ajpidce  :  (1)  Bombus  lapidarius,  L.  $  ;  (2)  B.  silvarum,  " 
L,  9  ;  (3)  B.  muscorum,  F.  9  c?;  (4)  Halictus  (juadiicinetiis,  F.  2  6;  (5) 
H.  rubicimdus,  Ohr.  <J,  all  s.  ;  (b)  Vespidce:  (6)  Polistes  gaUica,  L.,  and  var. 
diadema,  ab.,  s.    See  also  No.  590,  nr. 


Flo.  U3.—Echinops  ephairocephalvi,  L. 
I  -FJovver,  at  close  of  the  first  (male)  stage. 
-'.—Ditto,  in  second  (female)  stage. 
3.-Seetion  of  style  and  corolla-tube  around  it 
a,  filaments  ;  b,  anthers  ;  c,  brush  on  style ;  rf,  stigma ;  e,  nectary. 

minops  Mtro,  L„  was  found  by  Delpino  to  be  visited  bv  a 
sand-wasp,  Scolia  Ucmcta  (178).  Dy  a 

fromlet  and "III X*  86     ^  the  to  !««•*  » 

The  opening  and  dosing  of  ft,  oapitull,m  in  —  ^ . 
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Cynareae  is  brought  about,  according  to  Rathay,1  by  loss  and  gain 
of  fluid  in  a  layer  of  sclerenchyma  in  the  involucral  bracts. 

Visitors  in  Low  Germany  :  A.  Hymenoptera— Apidm :  (1)  Bombus 
lapidarius,  L.  £  ;  (2)  B.  confusus,  Schenck,  £  ;  (3)  B.  silvarum,  L.  $  ;  (4) 
B.  agrorum,  F.  $  ;  (5)  B.  muscorum,  F.  $ ;  (6)  B.  terrestris,  L.  $ ;  (7) 
B.  rupestris,  L.  $ ,  all  very  freq.,  s.,  sometimes  spending  the  night  in  the  thistle- 
heads  ;  various  males  of  Halictus,  the  most  frequent  being  (8)  H.  cylindricus, 
F.  and  (9)  H.  quadrieinctus,  F.  B.  Coleoptera—  Curculionidce :  (10) 
Larinus  senilis,  F.    For  Alpine  visitors,  see  No.  609. 

242.  CARLINA  vulgaris,  L.  (Thuringia,  end  of  August  and 
beginning  of  September  1869)  : — 

Visitors  :  A.  Hvmenoptera—  (a)  Apidm  :  (1)  Bombus  lapidarius,  L.  $  ;  (2) 
B.  terrestris,  L.  $  ;  (3)  Halictus  cylindricus,  F.  very  freq.  ;  (4)  H.  quadri- 
einctus, F.  $  ;  (5)  Megachile  circumcincta,  K.  ?  ;  (6)  M.  lagopoda,  K.  $ , 
(only  once  !)  ;  (7)  Ccelioxys  quadridentata,  L.  $  ;  (8)  C.  acuminata,  Nyl.  ?  ; 
(b)  'Spherjiclce:  (9)  Ceropales  maculate,  F.  ?,  all  sucking.  See  also  No. 
590,  in. 

243.  Arctium  (Lappa)  minus,  D.G.— The  throat  of  the  corolla 
is  3  mm.  long,  with  erect,  triangular  teeth  only  1  mm.  long ;  it 
becomes  filled  with  honey  often  more  than  half  way  up.  The 
branches  of  the  style,  which  are  little  over  1  mm.  long,  are  covered 
over  the  whole  inner  surface  with  colourless  stigmatic  papillae,  and 
on  the  violet  outer  surface  with  short,  sharp  hairs,  directed  obliquely 
upwards;  these  hairs  are  continued  a  short  distance  below  the 
bifurcation  of  the  style  and  terminate  in  a  ring  of  longer  hairs 
(cf.  Hild.  357,  P-  43,  Pi-  v.,  fig-  32).    The  style  emerges  from  the 
anther-cylinder  as  far  as  a  point  1  to  2  mm.  below  the  ring  of 
longer  hairs,  and  spreads  its  two  stigmatic  branches  widely  apart. 
Self-fertilisation  can  scarcely  occur. 

Visitors  :  (1)  Bombus  agrorum,  L.      s.  ;  (2)  Halictus  longulus,  Sm.  ? ,  s. 
See  also  No.  590,  ni. 

244.  Arctium  (Lappa)  tomentosum,  Lam. 

Visitors  :  A.  Hfrmano^ 
c  p. ;  (2)  Bombus  agrorum,  F.  $  <J ,  e. ;  (3)  B.  campestris  Pz  f ,  s  I  (4)  B  arum, 
L  ?  ,  s.  ;  (5)  Megachile  centuncularis,  L.  ?  ,  s.    B.  Lepidoptera-iVoc^ .  (6) 
Plusia  gamma,  L.,  s.,  ab. 

245  CARDUUS  CRispus,  L.-The  expanded  throat  of  the  corolla 
is  21  to  3  mm.  long,  and  the  linear,  very  slightly  divergent  segments 

*  Sttzunrjsbcr.  dcr  Mad.  dor  Wisscwhaft,  Berlin,  vol.  Ixxxiii.  May,  1881. 
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are  4  to  5|  mm.  long.  About  thirty-five  to  seventy-eight  florets 
unite  in  a  capitulum,  which  inferiorly  is  scarcely  10  mm.  in 
diameter.  The  tubes  of  the  florets  point  outwards  more  and  more 
the  nearer  they  stand  to  the  edge,  and  the  whole  capitulum  when 
seen  from  above  appears  as  a  red  surface  25  to  30  mm.  in  diameter. 
It  is  also  conspicuous  when  seen  from  the  side.  Otherwise  the 
structure  of  the  flowers  agrees  with  that  of  Cnicus  arvensis ;  but 
the  list  of  insect-visitors  is  limited  by  the  greater  depth  of  the 
throat  of  the  corolla. 

Visitors  :  A.  Hymenop tera— Apidce :  (1)  Bombus  agroruni,  F    $  J   s  ■ 
(2)  B.  lapidarins,  L.  $      s,  both  ab.  (the  males  as  late  as  October  2)  •  (3) 
Hahctus  cylindricus,  F.       s.  ;  (4)  Osmia  fulviventris,  Pz.  P ,  cp  •  (5)  Stelis 
aterrima  Pz.  ?,s.  B.  Diptera-S^^  :  (6)  Eristalis tenax,  L,  s.  and f.p., ab 
C.  Lepidoptera-(7)  Pieris  napi,  L.,  s.  ;  (8)  P.  rap*,  L.    See  also  No.  590,  in.' 

246.  Caijduus  acanthoides,  L.— The  capitulum  is  even  more 
conspicuous  than  in  C.  crispus,  since  the  narrow  segments  of  the 
corolla  are  7  to  8  mm.  long  (instead  of  4  to  5±).  The  honey  is 
more  easily  accessible,  for  the  throat  of  the  corolla  is  wider  than  in 
6.  crispus  and  only  2  mm.  long  (instead  of  21  to  3).  Moreover 
0.  acanthoides  (at  Miihlberg,  in  Thuringia)  grows  associated  in 
much  greater  numbers  than  C.  crispus  (at  Lippstadt).  These  three 
circumstances  account  for  the  very  much  greater  number  and 
variety  of  insect-visitors  in  the  case  of  C.  acanthoides,  whose  flower 
has  otherwise  the  same  structure  as  that  of  G.  crispus. 

rJ'^T^t^  Apid"  i  (12  B°mbUS  kpid™>  L-  ?  !  (2)  B-  ^va- 
mm,  u  9  ¥  ;  (3)  B.  muscorum,F.  P  ;  (4)  B  m-atomm  T    >  .  \k\  r> 

Stipes,  F.  ?;  (6)  Cilissa  tritincta,  I  ( eporhfa  P2 P    m  W  U^f* 

ruptus,  Pz.  6;  (8)  H.  nitidinsculus,  K.  /q    S)  H  alL\eq  F  "J    ^  ^-fm 

H.  quadricinctus,  F.  *  0    verv  ab  .  nil  TT     !        ,pe3'  ?'       ab-  >  (10 

(12)  H.  Wulus  Sm  /p    nZn     V(  }}-      r"blcundL,s>  Chr.  <J  ?,  foeq.  ; 

K-  *,  search  is)  H^macu    uf  fJS^  ^  * 

H.  quadnc  nctus,  Pen  also  •noiffi  •      7^'  ¥'      ^~ 18)  a,  only; 

aurulenta,  P,  9>  s.  Ll  c.p!  ,  (23)  0  M  ^  F?  s    V  5  ^  °' 
Megaclii  e  lao-onorli  TC  o  >         ■>         7  ^entris,        5,  s.  anc|  c  p  ,24 

M.  versicolorf&n  9  g  ? &?<£S  ?" (25)  Ceiltunci llaris>  L-  <?,  a  26 

„   .  />olu-  ¥,s.,  (^7)  Uielostoma  campanularnm  T    o  >  „  1 
(28)  Henades  truncorum,  L.  P  ^,  „  and  c  /    ?!     1    ?    ,  a  and  c.p.  ; 

not  rare  ;  (30)  St.  aterrima,  Pz  P  V  free  '  ffo  if?  ^  ^T™'  K  ? ' 
^osopispunctnlatissim^Sm.  ?  bV  f  tr  the  iiif  t  evmseula>  NyL  ?  ;  (32) 
bees  with  abdominal  co  lectin  5  ,  J?       T  ,      ^  lmP°^ant  visitors  are  the 

gence,  as  Mee-while  ™  n        7  und*nce,  and  working  with  the  same  dili- 

u1ptera-(a)  S^tf*.-  (34)  Eristalis  arbustorum,  L.,  s.  ' 
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(b)  Conopida  :  (35)  Conops  scutellatuB,  Mgn.  ;  (36)  Pliysoceplmlu  lufipes,  F., 
both  s.  C.  Lepidoptera— (a)  Ehopalocera :  (37)  Pieris  brassicae,  L.  ;  (38) 
Argynnia  Aglaia,  L.  ;  (6)  Sphinges  :  (39)  Zygoma  camiolica,  Scop.  ;  (c)  Noctwe  : 
(40)  Plusia  gamma,  L.,  all  a.  D.  Coleoptera— (a)  Elateridm:  (41)  Corymbites 
holosericeus,  L.  ;  (b)  Lamellicornia :  (42)  Tricliiua  fasciatus,  L.  ;  (c)  Curcu- 
lionida  :  (43)  Larinus  Jaeeoe,  F.  ;  (d)  Chrysomeliche :  (44)  Cryptocephalus  aeri- 
ceus,  L.    See  also  No.  590,  in. 

247.  Carduus  nutans,  L. : — 

"Visitors  :  A.  Hymenoptera— Apidm :  (1)  Bombus  hortorum,  L.  $  ;  (2)  B. 
pratorum,  L.  5  $  ;  (3)  B.  vestalis,  Fourc.  $  ;  (4)  Halictus  cylindricus,  F.  $ ; 
(5)  H.  malaclnvrus,  K.  ?  ,  all  s.  B.  Lepidoptera— Sphinges :  (6)  Zygsena  loni- 
cerae,  Esp.    See  also  No.  590,  ni. 

Carduus  dcfloratus,  L.— I  have  seen  this  species  visited  by  103 
species  of  insects,  of  which  fifty-four  were  Lepidoptera,  mostly 
butterflies  (609). 

248.  Cnicus  (Cirsium)  arvensis,   L.— Somewhat  over  a 
hundred  florets  are  united  in  one  capitulum.    The  tube  of  each 
floret  is  8  to  12  mm.  long,  the  wider  throat  1  to  1\  mm.  long, 
and  the  five  linear,  slightly  divergent  segments  are  4  to  5  mm. 
Ion".    The  capitulum  is  scarcely  8  mm.  in  diameter  m  its  lower 
bracteate  portion,  but  when  seen  from  above  it  forms  a  red  surface 
20  mm.  or  more  in  diameter.    Since  the  honey  rises  up  into  the 
throats  of  the  florets,  numerous  insects  of  various  orders,  attracted 
by  the  conspicuous  capitula,  are  able  to  enjoy  it.    A  proboscis 
need  only  be  1  to  H  mm.  long  to  reach  to  the  bottom  of  the 
throat  of'  a  floret,  so  that  the  rich  store  of  honey  is  accessible  not 
only  to  bees  and  Lepidoptera,  but  also  to  wasps,  flies,  and  beetles, 
which  seek  it  diligently.    In  the  first  stage  of  the  flower,  a  large 
quantity  of  pollen  emerges  at  the  upper  end  of  the  anther- 
cylinder,  pressed  up  by  the  lengthening  style.    Owing  to  their 
slight  stickiness  and  to  the  possession  of  sharp  processes  over 
their  whole  surface  (Fig.  114,  2,  3)  the  pollen-grains  adhere  easily 
to  one  another  and  to  the  hairs  upon  the  insect.    Gradually  the 
style  itself  protrudes  2  to  2|  mm.  from  the  anther-cylinder.  At 
its  end  it  divides  into  two  branches  nearly  2  mm.  long,  which  are 
thickly  covered  on  their  outer  surface  with  small,  sharp  hairs 
(Fio-  114   5   c)     Immediately  below  the  division  of  the  style, 

his  hairy'  surface  ends  in  a  ring  of  longer  hairs  (b).  On  emerging 
from  the  anther-cylinder  the  tip  of  the  style  is  thickly  covered  all 
round  with  pollen  ;  if  sufficient  insect-visits  occur,  (and  in  fine 
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weather  they  never  fail)  the  pollen  is  in  a  short  time  all  removed. 
But  if  insects  do  not  visit  the  flower  until  the  stigmatic  edges  of 
tne  branches  of  the  style  have  already  bent  outwards,  then  self- 
fertilisation  is  possible,  since  in  this  case  the  hairs  of  the  style 
still  remain  covered  with  pollen.  If  insects  do  not  visit  the  flower 
at  all,  some  of  the  pollen-grains,  which  hang  in  little  clumps 


Fin.  l\4.—Cnicus  arvensis,  L. 

2  -rXn^ainTxI^r  110"en  i9Sl"'ng  tUe 
S. — Ditto,  in  optical  section. 

«,  nn.her.cylinder;  b,  ring  of  long  hairs  ;  c,  short  hairs;  a,  stigmatic  papUKe;  e,  pollen. 


to  the  hairs,  may  easily  fall  of  themselves  upon  the  stigmatic 

ever  ^  f  I  W?tW'  ^  ™  ^  ^  air>  this  ca»  scar^ly 
ever  take  p  ace,  for  Cmcus  arvensis  is  one  of  the  most  abundantly 

visited  of  all  our  native  plants.    As  the  following  list  shows,  very 

^  insects  resort  to  it  for  the  sake  of  its  pollen,  but  very  many  for 
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Visitors  :  A.  Hymen optera — (a)  Apidct :  (1)  Apis  mellifica,  L.  $ ,  in  great 
abundance,  some  c.p.,  mostly  sucking  ;  (2)  Bombus  lapidarius,  L.  ? ,  s.  ;  (3) 
B.  hortorum,  L.  £ ,  s.  ;  (4)  Dasypoda  hirtipes,  F.  $  £ ,  c.p.  and  s.,  the  $ 
numerous  ;  (5)  Cilissa  leporina,  Pz.     ,  s.,  freq.  ;  (6)  Andrena  fulvicrus,  K.  5  ; 
(7)  A.  dorsata,  K.  ?      ab.  ;  (8)  A.  Gwynana,  K.  ?      freq.  ;  (9)  A.  nana,  K. 
$  ;  (10)  A.  pilipes,  F.  $  ;  (11)  A.  vitrea,  Sm.  (=  nitens,  Schenck),  ^,Cassel ; 
(12)  Halictus  fiavipes,  F.  ?  ;  (13)  H.  longulus,  Sm.  $ ;  (14)  H.  tarsatus,  Schenck, 
$  ;  (15)  H.  nitidiusculus,  K.  $ ;  (16)  H.  minutus,  K.  ?  ;  (17)  H.  maculatus, 
Sm.   $  ;  (18)  H.  cylindricus,  F?  $,  very  ab.  ;  (19)  H.  albipes,  F.  £  ;  (20) 
H.  rubicundus,  Chr.  $  ;  all  the  species  of  Andrena  and  Halictus  and  all  the 
following  bees  only  suck  honey  ;  (21)  Nomada  Solidaginis,  Pz.  $     ;  (22)  N. 
Roberjeotiana,  Pz.  ?  $  ;   (23)  N.  lineola,  Pz.   $  <£,  ab.  ;  (24)  N.  nigrita, 
Schenck,  £  ;  (25)  N.  Jaeobseae,  Pz.  ?  <£,  ab.  ;  (26)  Epeolus  variegatus,  L.  ? 
scarce;  (27)  Sphecodes  gibbus,  L.  $  $,  several  varieties,  including  ephippia, 
L.  ;  (28)  Prosopis  communis,  Nyl.  ? ,  ab.  ;  (29)  P.  confusa,  Nyl.  (hyalinata, 
Sm.),?  $  ;  (30)  P.  sinuata,  Schenck,  $  ;  (31)  P.  variegata,  F.  ?  <J,ab.;  (32) 
Heriades  truncorum,  L.  $  ;  (b)  Sphegidce :  (33)  Crabro  cribrarius,  L.  ?  ;  (34) 
Cr.  alatus,  Pz.  ?  $,  very  ab. ;  (35)  Lindenius  albilabris,  F.  ?  £  ;  (36)  Oxybelus 
trispinosus,  F.  $  ;  (37)  0.  uniglumis,  L.  ?  $ ,  ab. ;  (38)  Cerceris  arenaria,  L. 
?       not  rare;  (39)  C.  nasuta,  Kl.  ?  J,  ab.  ;  (40)  C.  variabilis,  Schr.  ?  $, 
very  ab.  ;  (41)  Philanthus  triangulum,  F.  ?  $,  freq.  ;  (42)  Bembex  rostrata, 
L.  $  ;  (43)  Dinetus  pictus,  F.  $  $  ;  (44)  Ammophila  sabulosa,  L. ;  (45)  Salius 
sanguinolentus,  F.,  all  s.  ;  (e)  Chrysidm  :  (46)  Hedychrum  lucidulum,  Latr.  ?  , 
s.  ;  (<Z)  Ichneumonidce :  (47)  Various  sp.  ;  (e)  Tenthredinidce :  (48)  Tenthredo 
notha,  Kl.  ;  (49)  Several  undetermined  sp.,  s.    B.  Diptera— (a)  Stratiomyidce  : 
(50)  Odontomyia  viridula,  F,  not  rare,  s.;  (6)  Tabanidce  :  (51)  Tabanus  rusticus, 
L.,   s.,    freq.  ;   (c)    Bombylidce :    (52)   Anthrax  flava,   Mgn.   (Thuringia)  ; 
(d)   Syrphidce  :  (53)  Syrphus  sp. ;   (54)  Melithreplus  tseniatus,  Mgn.  ;  (55) 
Eristalis  sepulcralis,  L.  ;  (56)  E.  seneus,  Scop.  ;  (57)  E.  tenax,  L.  ;  (58)  E 
arbustorum,  L.  ;  (59)  E.  nemorum,  L,  all  ab.,  s.  ;  (60)  E.  intricarius,  L.  ;  (61) 
Syritta  pipiens,  L.,  ab.  ;  (e)  Gonopidm :  (62)  Conops  flavipes,  L.  ;  (63)  Physo- 
cephala  rufipes,  F.,  s,  freq.;  (/)  Empida:  (64)  Empis  livida,  L.   s.  ;  (g) 
Muscidce  :  (65)  Ocyptera  brassicaria,  F.  ;  (66)  0.  cylindrica,  F.,  both  freq.,  B. ; 
(67)  Sarcophaga  carnaria,  L.,  s.  ;  (68)  Onesia  floralis,  R.  D.  ;  (69)  Lucilia  seri- 
cata,  Mgn.  ;  (70)  L.  cornicina,  F,  ab.,  s.  ;  (71)  Musca  corvma,  F,  s.,  ab.  ;  (72) 
Oliviera  lateralis,  F.,  s.  ;  (73)  Platystoma  seminatioms,  F.    C.  Lepidoptera— 
(a)  Rhopalocera  :  (74)  Vanessa  urticee,  L.  ;   (75)  Pieris  brassier,  L.,  ireq.  ; 
(76)  Rhodocera  rhamni,  L.  ;  (77)  Hesperia  silvanus,  Esp.  ;  (78)  Satyrus  Jamra, 
L  •  (79)  Thecla  rubi,  L.  ;  (6)  Sphinges :  (80)  Zygama  carmolica,  Scop.  (Thu- 
rmgia)   all  s.  ;  D.  Coleoptera-(a)  Elateridw :  (81)  Agriotes  gallicus,  Lap. 
(Thur)-  (82)  A.  ustulatus,  Schaller  (Thur.)  ;  (6)  Lamellicorma :  (83)  Tri- 
china fasciatus,  L. ;  (c)  Mordellidm :  (84)  Mordella  fasciata,  L  ;    (8o)  M. 
aculeata,  L.,  both  freq.  ;  (d)  Malacodermata :  (86)  Telephorus  melanurus,  F, 
very  abundant,  thrusting  their  heads  into  the  tube,  and  also  pairing  upon  the 
flowers  ;  (e)  Curcnlionidce :  (87)  Bruchus,  sp.  ;  (88)  Larinus  Jace*,  L.  (Thur.) 
See  also  No.  59°,  m,  for  additional  visitors  in  Low  Germany    A  to  of 
Alpine  visitors  (four  Coleoptera,  six  Diptera,  seven  bees,  one  Sphegid*,  and 
fourteen  Lepidoptera)  is  given  in  my  AlpenUumen  (No.  609). 
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249.  Cnicus  (Cirsium)  oleraceus,  L. 

Visitors:  A.  Hymenoptera— Apiclce :  (1)  Apis  rnellifica,  L.  s.  ;  (2) 
Bombus,  s.  B.  Lepidoptera— JVoc  tutv  :  (3)  Euclidia  glyphica,  L.,  s.  See  also 
No.  609. 

I  have  not  investigated  the  flowers  close]}-. 

250.  Cnicus  lanceolatus,  Scop.— The  chief  difference  be- 
tween the  flowers  of  this  species  and  of  G.  arvensis  is  that  here  the 
honey  is  much  less  accessible.  For  not  only  are  the  narrow  tubes 
of  the  florets,  and  accordingly  the  involucre  also,  much  longer 
(16  to  18  mm.),  which  has  no  effect  on  the  accessibility  of  the 
honey  ;  but  the  throat,  in  whose  base  the  honey  collects,  is  also 
much  longer  (4  to  6  mm.  against  1  to  1|  in  G.  arvensis).  From 
this  cause  the  variety  of  insect-visitors  is  greatly  limited  ;  but  the 
flowers  are  all  the  more  diligently  visited  by  long-proboscised  bees, 
especially  humble-bees. 

Visitors:  A.  Hymenoptera— (a)  Apidm :  (1)  Apis  rnellifica,  L  $  •  (2) 
Bombus  terrestris,  L.  $  <$ ;  (3)  B.  agrorum,  F.  ■  $  £  ;  (4)  B.  lapidarius,  L. 
$  <?  (as  late  as  Oct.  9,  1869  J),  all  four  ab.,  s.  ;  (5)  B.  campestris,  Pz  $  s  • 
(6)  Megachile  maritima,  K.  ?,  c.p.  ;  (b)  Vespidm ,  (7)  Polistes gallica,  L  'and 
var.  diadema,  freo,  (s.  ?).    B.  TH^em-Syrphidce :  (8)  Eristalis  tenax,  L  •  (9) 

arb"st°rum,  L.  ;  (10)  E.  nemorum,  L.,  all  three  f.p.  and  s.,  very  ab  as 
late  as  Oct -13,  1874).    0.  Lepidoptera-i^a  W« .-  (11)  Pjeris  bric^  L 
ab.,  s.  ;  (12)  Hespena  sp.,  s.    See  also  No.  590,  in.,  and  No.  609. 

251.  Cnicus  eriophorus,  Scop.,  is  visited  very  abundantly  in 
Thurmgra  by  Megachile  lagopoda,  K.  ?  (?,  s.  and  c.p.  On  the  Alps 
I  have  found I  it  visited  by  humble-bees  and  by  various  Fritillaries 
{Argymns)  (609). 

252.  Cnicus  ochroleucus,  AIL,  has  yellowish -white  flowers 
(6o9)S        VISltGd  °n        A1PS  by  Wble"bees  ^  Lepidoptera 

cessfbiL^r!  PtLUSTRIS'  Sc°P->  st-ds,  in  regard  to  the  ac- 

retwtnyr-  7  r7  rd  thG  Variet^  °f  its  i^ect-visitors, 

W  r  %    lanCMlatus  and  °-  ^vensis.    The  throat  is  2^  mm 
long  (in  C.  arvensis  1  to  H,  in  G.  lanceolatus  4  to  6)  •  in  all  JtTr 
pomts  the  flowers  of  these  three  species  are  alike  SkZtL 

-  I  (4)  B.  vestalis,  Fo/  .i  8"  >®      Prator™.  &  9, 

Coitana,  K.  9  s.  :  (7)  a  SJ^.t.'  F  *      ajellus'  111  ?'  s";  ^  Andre™ 
+  j    >  \l)  A.  Gwynana,  K.  £ ,  8.  .  (8)  Halictus  cylindricue,  F  9  <j 
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c.p.  and  b.j  very  freq.  ;  (9)  Megachile  eentunculariu,  F.  <J ,  s. ;  (&)  Sphegidce : 
(10)  Liudenius  albilabris,  F.  B.  Diptera —  (a)  Syrphidoz :  (11)  Eristalis  tenax, 
L.,  s.  and  f.p.  ;  (12)  Volucella  boinbylans,  L.,  do.  ;  (13)  Syrplius  tricinctus, 
Fallen,  l'.p.  ;  (b)  Conojndce :  (14)  Sicus  ferrugineua,  L.,  s.  0.  Lepidoptera- 
(«)  Rhopalocera:  (15)  Pieris  brassiest),  L.  ;  (16)  P.  rapae,  L.  ;  (17)  P.  napi,  L.  ; 
(18)  Hesperius  silvanus,  Esp.  ;  (19)  Satyrus  Janira,  L.  ;  (b)  Nociuce :  (20) 
Plusia  gamma,  L.,  all  rather  freq.,s.  D.  Coleoptera—  (a)  Elaterida::  (21} 
Agriotes  ustulatus,  Schaller  (Sid.).  ;  (b)  Cemmbycidm :  (22)  Strangalia 
melanura,  L.  (Ski.),  ab.    See  also  No.  590,  m.,  and  No.  609. 

Cnicus  palustris  and  0.  arvensis  are  gynodicecious  according  to 
Darwin  (167). 

Cnicus  acaulis,  AIL,  is  visited  by  humble-bees  and  by  Lepi- 
doptera  (590,  609). 

Cnicus  spinosissimiis,  Scop.— The  tube  of  the  corolla  is  8  to 
9  mm.,  the  throat  4  to  5  mm.  long.  The  insect-visitors  are  very 
numerous  and  various  (609). 

254.  Cnicus  heterophyllus,  All. — Several  hundred  florets 
unite  to  form  a  capitulum  (I  have  counted  259).  The  tube  is 
15  mm.,  the  throat  8  mm.  long.  I  have  seen  the  flower  visited  by 
Bombus  mesomelas,  9  (18  to  20)  (609). 

255.  OnopoPvDUM  Acanthium,  L. — In  each  floret  the  honey 
rises  in  the  tube,  which  is  10  to  12  mm.  long,  up  to  the  cylindrical 
somewhat  swollen  throat,  which  is  3  to  4  mm.  long,  and  which 
divides  above  into  five  linear  segments,  6  to  8  mm.  long;  these 
segments  do  not  diverge,  but  are  continued  straight  upwards  from 
the  throat  of  the  corolla.    The  length  of  the  tube  of  the  corolla 
in  this  plant,  and  in  most  other  Cynarete,  has  no  influence  on  the 
accessibility  of  the  honey,  since  the  latter  rises  up  into  the  throat ; 
it  is  due  only  to  the  development  of  the  involucre,  which  gives 
effectual  protection  to  the  buds  by  completely  surrounding  them 
in  the  form  of  a  deep  cup ;  the  long  tubes  also  serve  to  increase 
the  conspicuousness  of  the  flower,  as  they  bend  more  and  more 
outwards  the  nearer  they  are  to  the  margin.     The  branches  of 
the  style  are  3  to  4  mm.  long;  they  seem  never  to  diverge  m 
Onopordum,  but  remain  closely  appressed.    They  bear  on  then- 
outer  edges  rows  of  stigmatic  papilla,  which  in  the  second  (female) 
stao-e  of  the  flower  turn  more  outwards  and  expose  themselves  to 
the*  touch  of  insect-visitors.    One  millimetre  below  its  division 
into  two  branches,  the  style  bears  a  ring  of  short  hairs,  which 
point  obliquely  upwards  and  are  long  enough  to  sweep  the  an- 
ther-cylinder fj  mm.  wide,  8  to  10  mm.  long)  clear  of  pollen. 
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Although  in  the  first  stage  this  cylinder,  coated  above  with  pollen, 
and  in  the  second  the  tip  of  the  style,  with  its  two  rows  of  stigmatic 
papillae,  projects  5  to  7  mm.  above  the  segments  of  the  corolla, 
many  florets  are  fertilised  simultaneously  by  the  bees  which 
visit  the  flowers,  particularly  by  those  with  abdominal  collecting 
-  brushes,  which  diligently  sweep  up  the  pollen  upon  the  surface  of 
the  capitulum. 

On  the  southern  slopes  of  Miihlberg  and  Wandersleber 
Schlossberg  in  Thuringia,  where  I  observed  Onopordum,  the  two 
handsomest  thistles,  Onopordum  Acanthium  and  Girsium  eriophorum, 
were  fertilised  chiefly  by  the  handsomest  of  the  tailor-bees,  Megachilc 
lagopoda,  K.  The  females  fly  boisterously  on  to  a  thistle-head 
and  brush  hurriedly  over  it,  holding  the  abdomen  sometimes  so 
high  that  one  can  see  from  far  off  the  red,  hairy  coat  of  its  under 
side,  or  the  blue  pollen  adhering  to  it.  The  mid  and  hindlegs 
are  actively  occupied  meanwhile  in  a  backward  scratching  move- 
ment, and  the  head  is  sunk  among  the  florets.  As  a  rule  the 
female  turns  once  round  upon  the  capitulum  in  brushing  off  its 
pollen.  On  leaving  one  capitulum  it  flies  at  once  to  another, 
until,  being  laden  with  sufficient  pollen,  it  flies  off  to  its  nest. 
The  males  also  sit  occasionally  sucking  honey  upon  these  thistle- 
heads,  but  they  are  much  more  occupied  in  pursuing  the  females. 

Delpino's  generalisation,  based  on  insufficient  observations,  that 
Composite  whose  florets  are  packed  closely  together  to  form  a  level 
surface  are  fertilised  by  bees  with  abdominal  collecting-brushes, 
while  those  whose  essential  organs  are  long  and  widely  separate 
are  fertilised  by  Ealictits,  is  shown  to  be  incorrect  by  this  and  by 
many  more  of  my  observations. 

Visitors  (in  Thuringia):  A.  Hymenoptera-  («)  Apidcs:  (1)  Megachile 
lagopoda,  K.  ?  $ ,  c.p.  and  s.,  in  extreme  abundance  ;  (2)  Osmia  Mviventris, 
Pz.  $  $,  c.p.  and  s.  ;  (3)  0.  spinulosa,  K.  ?,  c.p.  :  (4)  Ccelioxya  conoidea,  111' 
2,  s.  j  (5)  Stelis  aterrima,  Pz.  ?  b.  ;  (6)  Andrena  Schrankella.  N.  2  ■  (7) 
Halictus  (juadristrigatus,  Latr.  2,s.  ;  (8)  Saropoda  bimaculata,  Pz.'  ?,  s  •  (9) 
Bombus  lapidarms,  L.,  ? ,  s.  ;  (10)  B.  terrestris,  L.  2,  s.  ;  (11)  B.  rupestris 
,X\V  (  SP%e9id(B:  ^  Psammophila  affinis,  K.  2,s.  B.  Lepidoptera 
~(fl)Ehopalocera  :  (1.3)  Vanessa  urticee,  L,  s. ;  (14)  Satyrus  Galathea,  L.,  s.  ; 
{b)Sphwges:  (15)  Macroglosaa  ateUatarun,,  L.,  a.  C.  Coleoptera-(16)  Cocci. 
neUa  mutabiha,  Scriba,  trying  vainly  to  reach  the  honey.  D.  Hemiptera- 
(17)  Capsus,  two  species,  s.    See  also  No.  590,  nr.,  and  No.  609. 

256.  Serratui.a  tinctoria,  L.  :— 

Visitors  (at  Miihlberg  in  Thnringia,  Sept.  1871):  A.  Hymenoptera- 
Apidx  :  (I)  BomjM  agrorum,  F.  ?  $,  s.,  ab,  B.  Lepidoptera- Rhopalocm-n  ■ 
(2)  Cohas  hyale,  L.,  s.,  ab. 
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In  this  species  there  exist  female  and  hermaphrodite  plants 
with  a  close  series  of  intermediate  forms.  The  seeds  of  the  female 
flowers  are  larger  than  those  of  the  hermaphrodite.1 

257.  Centaurea  Jacea,  L.— The  capitulum  contains  as  a  rule 
from  sixty  to  over  a  hundred  florets ;  in  these  the  tubular  part  of 


Via.  HO. 


1—4. — Centaurea  Jacea,  L. 

1.  —Upper  part  of  the  flower,  in  first  stage  (x  T). 

2.  — Ditto,  in  second  stage.  , 
<t  Hpptinn  of  anther-cylinder,  before  the  pollen  has  been  shed. 

I'-End  o?stV?e  removeS  from  the  anther-cylinder,  and  divested  of  pollen,  to  show  the  fine 

hairs.       c  Cyanus,  h.    End  of  style,  more  magnified. 

a,  anther-cylinder; \  valvular  appendages  of  the  anthers,  which  at^ n^t  close  the 
anther- cylinder;  e,  pollen  ;  d,  style;  e,  ring  of  sweeping-hairs  ; /.  division  of  the  style  .  astigmatic 
surface  ;  h,  hairs  (teeth)  upon  the  filaments,  to  guard  the  honey. 


the  corolla  is  7  to  10  mm.  long,  the  expanded  bell-shaped  part 
3  to  U  mm.  long,  and  the  long,  linear  segments  about  5  mm.  long. 
The  capitulum  is  only  8  to  10  mm.  in  diameter  on  a  level  with  the 

1  Sir  J.  Smith,  Trans.  Linn.  Soc.  xiii.  p.  600,  quoted  by  Darwin,  No.  167. 
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tubular  parts  of  the  florets,  but  since  these  bend  over  at  their  upper 
ends  more  and  more  the  nearer  they  stand  to  the  edge  and  diverge 
outwards  around  the  capitulum,  a  capitulum  in  full  bloom  forms  a 
red  circular  area  20  to  30  mm.  in  diameter.    When  a  floret  opens, 
its  style  has  the  position  represented  in  Fig.  115,  3  ;  its  two  stigmatic 
divisions  are  closely  appressed  and  inclosed  in  the  upper  part  of 
the  cylinder  formed  by  the  coherent  anthers ;  a  ring  of  hairs  (Fig.  115, 
3,  4,  e),  directed  obliquely  upwards  and  touching  the  inner  wall  of 
the  anther-cylinder  all  round,  has  swept  all  the  pollen  into  this 
upper  part  of  the  cylinder,  so  that  the  branches  of  the  style  are 
closely  packed  round  with  pollen.    If  the  flowers  in  this  stage  are 
left  untouched  for  a  day  or  two  in  a  room,  the  terminal  valves  of 
the  anther-cylinder  separate,  and  a  little  pollen  appears  between 
them  at  the  top.    But  if  one  now  touches  the  filaments  with  a  needle 
or  a  sharp  pencil  (as  in  a  natural  condition  the  insect's  proboscis 
does),  a  great  quantity  of  pollen  is  in  a  short  time  seen  to  emerge, 
and  the  anther-cylinder  is  seen  to  be  drawn  down  so  far  by  the 
contracting  filaments  that  the  branches  of  the  style  protrude 
above.    Since  their  whole  outer  surface  is  covered  with  small  hairs 
directed  obliquely  upwards,  they  remain,  after  emerging  from  the 
anther-cylinder,  so  thickly  coated  with  pollen,  that  they  are  not 
recognisable  as  branches  of  the  style  until  the  pollen  has  been 
brushed  away. 

Gradually  the  style  grows  up  still  further  bevond  the  anther- 
cylinder  (Fig.  115,  2) ;  the  edges  (set  with  stigmatic  papillae)  of  the 
inner  surfaces  of  the  two  branches  of  the  style  bend  outwards 
(g,  2) ;  and  the  ends  of  these  branches  also  gape  asunder,  so  that 
here  also  stigmatic  papillas  are  exposed  to  the  touch  of  insect- 
visitors.  Spontaneous  self-fertilisation  can  under  these  circum- 
stances not  occur,  and  self-fertilisation  can  only  be  brought  about 
by  insects,  if,  at  the  time  when  the  stigmatic  papillae  become 
exposed,  the  outer  surfaces  of  the  branches  of  the  style  or  the  ring 
of  hairs  are  still  dusted  with  pollen  ;  on  the  other  hand,  if  sufficient 
insect-visits  occur,  cross-fertilisation  is  fully  insured.  Although 
the  expanded  portion  of  the  corolla  is  longer  than  in  most  of  our 

andZ  TP^t£\ many  flipped  insecte  (sand-wasps 

and  the  majority  of  flies)  are  therefore  excluded  from  the  honey 
yet  m  consequence  of  the  great  amount  of  its  honey,  it  is  one 
of  the  most  frequented  forms.    Various  species  of  bees  come  in 

Ween  Z    T      f^I  *  hs  C&^>  and  in  c^g 

thevT        a+nth7-f^ersand  styles  protruding  from  the  florets" 
they  bring  not  only  their  under-sides,  but  the  greater  part  of  thei 
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hairy  bodies  in  contact  at  one  time  with  pollen  and  at  another 
with  stigmatic  surfaces. 

The  following  insects  effect  fertilisation : — 


A.  Hymenoptera — («)  Apidce :  (1)  Apis  mellifica,  L.  $,ab.,  s.  ;  (2)  Bom- 
bus  silvarum,  L.  5  $ ,  s.  ;  (3)  B.  agrorum,  F.      s.  ;  (4)  B.  pratorum,  L.  <£, 
s.  ;  (5)  B.  rupestris,  F.,  $  £ ,  s.  ;  (6)  B.  lapidarius,  L.  $ ,  s.  ;  (7)  B.  campestris, 
Pz.  (J,  s.  ;  all  the  humble-bees  dust  chiefly  their  head,  belly,  and  legs  ;  (8) 
Saropoda  bimaculata,  Pz.   $       very  ab. ;  (9)  Dasypoda  hirtipes,  F.  <$ ,  s., 
freq.  ;  (10)  Andrena  pilipes,  F.  $,  c.p.  ;  (11)  Halictus  maeulatus,  Sm.,  $ 
c.p.  and   s.  ;  (12)  H.  quadricinctns,  F.  ?      c.p.  and  s.,  ab.  ;  (13)  H.  rubi- 
eundua,  dir.  ?      c.p.  and  s.  ;  (14)  H.  leucozonius,  K.  ?  ^,c.p.  and  s.  ;  (15) 
H.  interrupts,  Pz.  $,  s. ;  (16)  H.  cylindricus,  F.  ?  ^,  c.p.  and  s.,  very  ab.  ; 
(17)  H.  nitidiusculus,  K.      ?  ,  s.  and  c.p.  ;  (18)  H.  albipes,  F.  $,  s.  ;  (19) 
H.  longulus,  Sm.  ?  ^  :  (20)  H.  zonulus,  Sm.       s.  ;  (21)  H.  minutus,  K.  <J, 
s.  ;  (22)  H.  lueidulus,  Schenck,  ?  ;  (23)  H.  Smeathmanellus,  K.  $ ,  both  s. 
and  c.p.  ;  (24)  Nomada  succincta,  Pz.  <£,  s.  ;  (25)  Osmia  spinulosa,  K.  <j>, 
c  p.  (Thur.)  ;  (26)  Megachile  centuncularis,  L.  <j>  $ ,  s.  ;  (27)  M.  lagopoda,  K. 
5 ,  c.p.  (Thur.)  ;   (28)  Anthidium  strigatum,  Latr.   ? ,  c.p.  (Thur.)  ;  (b) 
Vespidce:  (29)  Polistes  gallica,  F.  (Thur.).     B.  Diptera—  (a)  Empidce :  (30) 
Empis  rustica,  F.,  s.  ;  (b)  Syrphidm  :  (31)  Helophilus  pendulus,  L.,  s.  ;  (32) 
Eristalis  tenax,  L.,  eometimes  c.p.,  sometimes  trying  to  thrust  its  rather  thick 
proboscis  into  the  narrow  florets  ;  (33)  Rhingia  rostrata,  L. ,  s.  ;  («)  Conopidai: 
(34)  Physocephala  vittata,  F.,  s.  ;  (35)  Conops  navipes,  L.,  s. '  C.  Lepidoptera 
—(a)  Rhopalocera  :  (36)  Pieris  brassicse,  L.  ;  (37)  P.  napi,  L.  ;  (38)  Colias 
hyale,  L.  ;    (39)  Polyommatus  Phlceas,  L.  ;   (40)  Lycsena  sp.  ;  (41)  Satyrus 
Galathea,  L.  ;  (42)  S.  Megsera,  L.  ;  (43)  S.  Janira,  L.  ;  (44)  S.  pamphilus,  L.  ; 
(45)  Hesperia  thaumas,  Hfn.  ;  (o)  Sphinges  :  (46)  Zygsena  lonicerce,  Esp.  ; 
(47)  Z.  carniolica,  Scop.  (Thur.)  ;  (c)  Noctum :  (48)  Plusia  gamma,  L.  See 
also  No.  590,  m.,  and  No.  609. 

I  became  aware  in  August,  1881,  that  the  capitula  of  Centaurm 
Jacea  tend  to  vary  along  two  lines  from  the  commonest  and  appa- 
rently most  primitive  form  which  I  have  just  described.  The  result- 
is,  on  the  one  hand,  very  conspicuous  male  capitula  50  to  55  mm. 
in  diameter,  and  on  the  other  hand  less  conspicuous  female  capitula 
30  to  35  mm.  in  diameter.  In  both  of  these  extreme  forms  the 
marginal  florets  have  the  corolla  greatly  enlarged,  but  the  repro- 
ductive organs  functionless.  In  the  male  capitula,  the  florets  of 
the  disk  possess  a  style  as  well  as  anthers,  but  its  stigmas  never 
separate,  but  coalesce  in  their  lower  part.  In  the  female  capitula, 
the  anthers  of  the  disk-florets  are  brownish,  shrunken,  and  devoid 

°f  PThese  extreme  forms  are  connected  by  an  unbroken  series  of 
transition-stages  with  the  primitive  form.  As  the  primitive  form 
beo-an  to  vary  in  one  direction,  the  marginal  florets  became  gradually 
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longer  and  more  radiating,  and  their  reproductive  organs  diminished 
pari  passu,  and  first  the  anthers  and  then  the  pistil  became  function- 
less.  Thereupon  the  marginal  florets  increased  still  more  in  size, 
the  pistils  of  the  disk-florets  became  functionless,  and  the  male 
capitula  were  complete. 

Varying  in  the  opposite  direction,  the  corolla  in  some  of  the 
marginal  florets  got  smaller,  and  gradually  the  anthers  became 
brown  and  devoid  of  pollen ;  the  same  changes  proceeded  step  by 
step  towards  the  centre  of  the  flower,  until  now  we  find  the  whole 
capitulum  consisting  only  of  female  florets,  and  measuring  only 
1 5  to  18  mm.  in  diameter.  When  this  state  was  reached,  the  corollse 
of  the  marginal  florets  began  again  to  increase  in  size  and  to  radiate 
outwards,  their  anthers  vanished  completely,  and  their  stigmas  ceased 
to  unfold. 

The  capitula  on  the  same  plant  are  always  much  of  the  same 
form.  In  any  locality  where  capitula  of  the  primitive  form  occur 
along  with  female  capitula,  Centaurea  Jacea  may  be  said  to  be 
gynodicecious.  But  since  in  the  outset  of  the  last  described  series 
of  changes  the  outer  florets  become  purely  female,  before  the 
conspicuousness  of  the  head  is  visibly  diminished,  it  is  clear  that 
my  explanation  of  the  origin  of  gynodicecism  suggested  in  the 
cases  of  Tlnjmus  and  Glechoma  cannot  hold  in  this  instance. 
It  seems  much  more  likely  here  that  the  reduced  size  of  the 
corolla  in  the  female  flowers  is  the  result  of  a  tendency  to 
abortion,  spreading  from  the  stamens  to  the  corolla.  This  is 
Dai  ■win's  explanation  of  all  cases  of  gynodicecism  (No.  167 
chap  vii.  ;  611). 

258.  Centaurea  Scabiosa,  L.,  agrees  in  the  whole  structure 
of  its  flower  with  the  previous  species,  but  differs  only  in  its  honey 
being  more  easily  accessible.  For  while  the  tubular  parts  of  the 
disk-florets  are  longer  than  in  the  previous  species  (11  to  12  mm.), 
the  expanded  part  above,  which  becomes  filled  with  honey,  is 
shorter  (3|  to  4  mm.),  and  while  in  the  primitive  form  of  C.  Jacea 
the  marginal  florets  and  the  disk-florets  were  alike,  I  have  always 
found  in  C.  Scabiosa  the  marginal  florets  devoid  of  stamens  and 
style,  devoid  of  a  wide  superior  portion  (or  throat),  but  notablv 
larger  (16  to  22  mm.  long),  with  their  tubes  entirely  directed  out- 
wards and  dividing  into  five  linear  segments,  differing  little  from  one 
another  and  about  2  mm.  longer  than  those  of  the  disk-florets. 

Ine  less  variety  of  visitors  that  I  have  observed  is  simply  due 
to  the  fact  that  I  have  only  watched  this  species  on  a  few  occasions 
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(in  T  huringia),  while  I  have  met  with  C.  Jacea  in  most  of  my 
excursions  in  summer. 

Visitors  (in  Thuringia)  :  A.  Hymenoptera — Apidcc :  (1)  Apis  mellifica,  L. 
9 ,  s.,  ab.  ;  (2)  Bombus  lapidarius,  L.  $  ;  (3)  B.  terrestris,  L.  $  ;  (4)  B.  mus- 
cmura,  F.  9  (?>  C-P-  an(l  8-  !  (5)  B.  agrorum,  F.  $  ;  (6)  B.  sil  varum,  L.  £  ; 
(7)  B.  confusus,  Schenck,  £  ;  (8)  B.  rupestris,  F.  $  ;  (9)  Halictus  qiiadri- 
cinctus,  F.  $  (?)  Yery  aD-5  R-  !  (10)  H.  maculatus,  Shi.  c.p.  ;  (11)  Mega- 
cliile  ligniseca,  K.  £  ;  (12)  Osmia  Eenea,  Tj.$,  s.  ;  (13)  0.  spinulosa,  K.  c.p.  ; 
(14)  Anthidiurn  nuiuicatum,  L.  <£,  s.  B.  Diptera — (a)  Syrphidcs :  (15) 
Eristalis  nemorum,  L.  ;  (b)  Muscidce :  (16)  Trypeta  cornuta,  F.  C.  Lepi- 
doptera — (a)  Rhopalocera  :  (17)  Satyrus  Janira,  L.  ;  (18)  Melita3a  Atbalia, 
Esp.  ;  (b)  Sphinges  :  (19)  Zygcena  camiolica,  Scop.  D.  Coleoptera — Chryso- 
melidce  :  (20)  Cryptocepbalus  sericeus,  L.  E.  Hemiptera— (21)  Capsus  sp.,  s. 
See  also  No.  590,  nx  Tbirty-eigbt  Alpine  visitors  (two  Coleoptera,  two  Diptera, 
twelve  Apicbe,  twenty-two  Lepidoptera)  are  given  in  my  Alpenblumen 
(No.  609). 

259.  Centaueea  Cyanus,  L.  (Fig.  115,  5). — In  this  species 
also,  the  marginal  florets  serve  only  to  attract  insects,  hut  they  do 
so  in  a  more  effectual  way  than  in  C.  Scabiosa,  for  they  are  large 
and  infundibuliform  and  radiate  outwards,  extending  the  blue 
surface  of  the  capitulum  from  20  to  50  mm.  in  diameter,  and 
making  it  also  conspicuous  in  side  view.  The  honey  is  more  easily 
accessible,  for  above  the  narrow  tubular  part  of  the  floret,  which  is 
5  to  6  mm.  long,  the  wider  part  is  only  3  mm.  long  to  the  place 
where  it  divides  into  linear  segments.  In  this  species  the  simul- 
taneous fertilisation  of  numerous  florets  goes  on  to  a  very  slight 
extent ;  for  the  florets  of  the  disk  are  not  numerous,  and  their  anther- 
cylinders  project  at  wide  intervals.  I  have  never  seen  the 
irritability  of  the  stamens  more  distinctly  shown  in  any  other 
Composite.  In  flowers  which  I  had  allowed  to  develop  in  my  room 
until  the  superior  valvular  appendages  of  the  anthers  had 
separated  of  themselves,  the  filaments  contracted  when  I  touched 
them  so  much  that  the  anther-cylinder  was  drawn  down  to  an 
extent  of  2  to  3  mm.  very  quickly,  and  then  more  slowly  to  an  ex- 
tent of  5  to  6  mm.  ;  in  a  few  seconds  a  mass  of  pollen  emerged 
from  the  superior  orifice  of  the  anther-cylinder,  and  then  gradually 
the  style  protruded  3  to  4  mm.  above  the  same  orifice.  In  the 
natural  condition,  I  never  succeeded  in  obtaining  such  distinct 
action  on  touching  the  filaments,  doubtless  because  the  filaments 
had  almost  always  been  touched  by  insects  before  they  had  reached 
the  full  amount  of  tension. 

Visitors-  A.  Hymenoptera -(a)  Apidce:  (1)  Apis  mellifica,  L.  $,ab.,s. 
and  c.p.  ;  (2)  Bombus  silvarivm,  L.  ? ,  s.  ;  (3)  Megacl.ile  nmritima,  K.  & ,  8.  j 
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l>)  Spkegida:  (4)  Psammophila  affinis,  K.,  s.  (proboscis  5  mm.  long).  B. 
Diptera — (a)  Empida :  (5)  Empis  livida,  L.,  s.,  ab.  ;  (b)  Syrphidce:  (6) 
Eristalis  arbustorum,  L.,  f.p.  ;  (7)  Khingia  rostrata,  L.,  s.  C.  Lepidoptera — 
Nociua  :  (8)  Plusia  gamma,  L.,  s.    See  also  No  590,  in. 


Tribe  Mutisiacece. 


Chuquiraga  insignis,  E.  Br. — The  long,  tubular  florets  of  this 
Composite,  which  grows  on  the  summits  of  the  Andes  (Pichincha), 
are  visited,  according  to  Professor  Jameson,  by  a  humming-bird 
(Oreotrochilus  Piehinchce).   (Delpiuo,  No.  185.) 

The  cleistogamic  flowers  of  Anandria  were  known  to  Linnasus 
(H.  von  Mohl,  No.  531). 

Tribe  C ichor iacece. 

■260.  Glchoeium  Intybus,  L.— The  capitula  are  closed  in 
rainy  weather,  but  expand  in  sunshine  to  form  blue  disks  30  mm. 
and  upwards  in  diameter.  Each  floret  has  a  tube  3  mm.  long  and 
a  limb  13  mm.  long,  and  this  immense  development  of  the°limb 
compensates  for  the  small  number  of  florets  in  each  capitulum 
The  structure  of  the  florets  agrees  with  that  in  Leontodon  and 
Hieracium,  except  that  the  branches  of  the  style  are  much  more 
curved,  each  making  one  to  two  spiral  turns ;  self-fertilisation  in 
absence  of  insects  is  thus  much  more  easily  effected. 

Visitors  :  A.  Hymenoptera-^Vfe  .•  (1)  Apis  mellifica,  L.  $ ,  s.,  ab.  ;  (2) 
Andrena  Mvicrus,  K.  ?,  c.p.  ;  (3)  Halictus  quadricinctns,  F.  /•  (4)  Nitidi 
usctlLtis,  K.  <J ;  (5)  H.  rubicnndns,  Chr.       (6)  H.  longulus,  Sm.  ?  ;  (7)  H 
albrpes,  F.  6  aU  ,  ;  (8)  Osmia  spinulosa,  K.  9>  s.  and  c.p.  Thar.)! not  rare' 
B  Diptera-(„)  SyrPl,uke :  (9)  Syritta  pipiens,  L.  ;  (10)  Eristalis  tenax  L 
both  species  *  and  c.p.  ;  {h)  Conojndce :  (11)  Sicus  ferruginens,  L  s  C 
LepKloptera-^^^cra  :  (12)  Colias  hyale,  L.,  s.  (Thur.).  °D.  &££j2 

(D^zi:^t^is  visited  by  j» 

,     26LtLA7A  communis,  L.    The  capitulum  consists  of  eight 

tb  t  6  ltfl0rt  18  *  *?.  2*  *»*  and  the 
small-  thev  n-  tTg'  capitula  are  solitary  and  comparatively 

Meverv  few    T     I         n0t  ™Y  conspicuous,  and  insect-visits 
;uhi7v  wiit     r  °f  inSGCtS'  Utilisation  takes  place 

gularly,  and  it  is  doubtless  effective,  since  the  capitula  are  without 
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exception  fertile.  The  anther-cylinder  protrudes  2  to  3  mm, 
from  the  tube,  and  the  style  1|  to  2  mm.  beyond  the  anther-cylinder. 
The  outer  surface  of  the  projecting  portion  of  the  style  is  covered 
with  pointed  hairs  at  wide  intervals.  The  stigmatic  branches  are 
only  |  mm.  long,  and  are  closely  set  with  papilla?  on  their  inner 
surfaces ;  they  separate  widely,  and  bring  their  papillae  regularly 
in  contact  with  the  pollen  if  insect- visitors  have  not  removed  it 
from  the  hairs. 

Visitors:  Diptera— Syrphidm  :  (1)  Eristalis  arbustorum,  L.  ;  (2)  E.  nemo: 
rum,  L.  ;  (3)  E.  sepulcralis,  L.,  all  three  species  f.p.,  not  abundant.  See  also 
No.  590,  m. 

262.  PlCRTS  HIERACIOIDES,  L.— The  capitulum  is  composed  of 
forty-four  to  seventy-five  florets,  which  increase  in  size  from  the  cen- 
tre towards  the  circumference;  it  expands  in  sunshine  to  form  a  yellow 
disk  24  to  36  mm.  in  diameter,  in  dull  weather  it  closes  up  till  its 
diameter  is  scarcely  7  mm.  In  each  floret  the  tube  is  4  to  6  mm.  long, 
and  the  limb  8  to  12  mm.  long.    The  stem  is  branched,  and  nearly 
three  feet  high  ;  it  bears  numerous  capitula,  so  that  the  whole  plant 
is  very  conspicuous.    The  honey  rises  into  the  upper  and  wider  part 
of  the  tube,  and  is  therefore  accessible  to  very  short-lipped  insects. 
The  anther-cylinder  projects  5  mm.  beyond  the  tube,  and  the  style 
U  to  U  mm.  beyond  the  anther-cylinder ;  so  that  most  insect-visitors 
creep  rather  among  than  over  the  styles,  and  convey  the  pollen 
rather  with  the  hairs  on  their  sides  than  with  those  on  their  under 
surfaces;  but  bees  with  abdominal  collecting  apparatus  are  also 
found  upon  the  flowers. 

The  sweeping-hairs  and  the  stigmatic  papilla;  are  distributed 
as  in  the  other  Cichoriaceaa  (cf.  Figs.  116,  117).  The  stigmatic 
branches  usually  spread  apart  as  in  other  cases,  but  m  several  in- 
stances I  have  seen  the  left  bent  over  towards  the  right,  and  the 
riaht  towards  the  left,  so  close  together  that  the  stigmatic  papillae 
ofthe  one  were  brushed  by  the  pollen-holding  hairs  of  the  other. 

Visitors:  A.  Hymenoptera-(«)  Apidce :  (1)  Pannrgns  calcaratus  Scop. 
Q  cp.  and  s,  ab.  ;  (2)  Rhophites  (Dufourea)  vulgaris,  Schenck  2 ,  ab.,  <J, 
site,  s.  and  cp.  (Tbu,  Wald)  ;  (3)  Halictus  sonulus,  Sm.  2  (4 .  H.  leuc  - 
zoning  Scbr  2  ;  (5)  H.  sexnotatus,  K.  2  c?!  (6)  H-  maculatus  Sm  ?  ,) 
IL  cylindricus,  £  ;  (8)  H.  quadricinctus,  F.  * ;  (9)  H  — ^ 
>■  (10)  H.  nituliusculus,  K.  <$  ;  (11)  H.  albrpes,  F.  «J  ;  (18)  H  longulu* 
L^ti   (13)  H.  mimvtus,  K. 

^So  ^  K  L.  ?l    B.  Diptera-(a)  A***  (18)  Empis 
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lividu,  L.j  very  ab.,  s.  ;  (b)  Syrphidce :  (19)  Eristalis  tenax,  L.  ;  (20)  E.  arbu- 
stomm,  L.  ;  (21)  E.  nemorum,  L.  ;  (22)  E.  sepulcralis,  L.,  all  four  species  very 
ab.  ;  (23)  Syrphus  balteatus,  Deg.  ;  (24)  Melithreptus  scriptus,  L.  ;  (25)  M. 
tamiatus,  Mgn. ;  (26)  Chrysogaster  viduata,  L.,  all  both  f.p.  and  s.  C.  Lepi- 
doTpteva—Rhopalocera :  (27)  Pieris  brassicae,  L.  ;  (28)  P.  rapae,  L.,  both  species 
very  ab. ;  (29)  Satyrus  Janira,  L.,  all  three  species  s.    See  also  No.  590,  nr. 

263.  Crepis  biennis,  L. : — 

Visitors  :  A.  Hymenoptera— Apidce  :  (1)  Apis  mellirica,  L.,   $ ,  s.  ;  (2) 
Panurgus  calcaratus,  Scop.,  $  £ ,  c.p.,  s.,  very  ab.  ;  (3)  P.  Banksianus,  K.  ?  $ , 
c.p.,  s.,  scarcer  ;  (4)  Dasypoda  hirtipes,  F.  ^ ,  ab.,  even  in  the  evening  ;  (5) 
Rhophites  (Dufourea)  vulgaris,  Schenck,  ?  <J,  very  freq.  (Thur.,  Wald.)  ;  (6) 
Andrena  dorsata,  K.  ?,  c.p.  ;  (7)  A.  denticulata,  K.  $  <J,  c.p.  and  s.  (Tekl., 
Borgst.  ;  Thnr.)  ;  (8)  A.  fulvago,  Chr.  ? ,  c.p.  (Thur.) ;  (9)  A.  fulveseens,  Sin. 
?,  c.p.  (Thur.)  ;  (10)  A.  parvula,  K.  <J,  s.  ;  (11)  Halictus  longulus,  Sm.  ?  ; 
(12)  H.  maculatus,  Sm.   $  ;  (13)  H.  leucozonius,  Schr.  ?  ^,  freq.  ;  (14)  H 
cylindricus,  F.  $      ab.  ;  (15)  H.  albipes,  F.  $  ;  (16)  H.  lugubris,  K.  $  ;  (17) 
H.  flavipes,  K.  <J  ;  (18)  H.  nitidus,  Schenck,  ?  ;  (19)  H.  rubicundus,  Chr.  <?  ; 
(20)  H.  quadricinctus,  F.  <J,  ab.  ;  the  $  of  Halictus  s.,  the  ?  c.p.  and  s.  ;  (21) 
Osrnia  spinulosa,  K.  ? ,  s.  and  c.p.,  very  ab.  (Thur.)  ;  (22)  Chelostoma  cani- 
panularum,  K.  $      s.  and  c.p.,  very  ab.  ;  (23)  Heriades  truncoruni,  L   ?  $ 
s.  and  c.p.,  very  ab.    B.  Diptera — Syrphidce :  (24)  Eristalis  tenax,  L.  ;  (25)  E.' 
nemorum,  L.  ;  (26)  E.  arbustorum,  L.  ;  (27)  E.  sepulcralis,  L.  ;  (28)  Syritta 
pipiens,  L.,  all  five  species  s.  and  f.p.,  very  ab.  ;  (29)  Syrphus  sp.,  f.p.  ;  (30) 
Cheilosia  chrysocoma,  Mgn.,  f.p.   C.  Coleoptera— Nitidulidce :  (31)  Meligethe* 
ab.    See  also  No.  590,  m. 

264.  Crepis  tectorum,  L. : — 

Visitors :  A.  Hymenoptera- (a)  Apidce  :  (1)  Rhophites  (Dufourea)  vulgaris 
bcnenck,  $  £ ,  c.p.  and  s.  ;  (2)  Andrena  denticulata,  K.  $  £  (Tekl  Boro-st )  • 
(3)  A.  fulvicrus,  K.  ?,  c.p.  ;  (4)  Halictus  villosulus,  K.  ?,  Cp  •  (5)  H  rubi 
cundus,  Chr.  ^  s.  ;  (6)  H.  quadricinctus,  F.  ab.  ;  (7)  Osrnia' spinulosa,  K. 
¥,c.p  ab.  (Thur.)  ;  (8)  Heriades  truncorum,  L.  <J,  s.  ;  (b)  Sphegid* :  (9) 
Pompilus  viaticus,  L.  ?,s.  B.  Diptera-^Mfe :  (10)  Cheilosia  chry  0- 
coma,  Mgn.,  f.p.  (Teklenburg,  Herr  Borgstette).    See  also  No.  S9o,  in. 

265.  Crepis  virens,  Vill.  :— 

i/i40"^  Hymenoptera-^^;  (1)  Panurgus  calcaratus,  Scop.  <j>  * 

vuwl  schti(  1 1  anksirus' ?  *> scarcer ;  (3)  Rh°phites 

vulgaris,  Schenck,  $  <J,  c.p.  and  s.,  ab.  ;  (4)  Dasypoda  hirtipes  F  *  b  ■  C) 
Andrena  dent1Culata,K.  ?,  c.p.  (Thur.  ;  Tekl.,  Bo'rgst.)  ;  (6)  A^  dorsata  K 
J  (     HfCoUS  ViU0SUlU8'  K"  ?'  C-P-  I  (8)  H.  cylindr  cus       ot\]  H 

^e^ 
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266.  Hieracium  UMBELLATUM,  L. — The  florets  have  a  tuhe 
3  to  5  mm.,  and  an  outer  limb  8  to  16  mm.  long,  both  increasing  in 
length  gradually  from  the  centre  to  the  periphery  of  the  capitulum. 
Tlie  whole  capitulum,  when  fully  expanded,  forms  a  yellow  disk 
about  25  mm.  in  diameter. 

Honey  is  secreted  by  a  ring  round  the  base  of  the  style,  and 
rises  several  millimetres  in  the  tube;  a  proboscis  2  to  3  mm.  long 


FlO.  116. 

!_3  —JHeracium  umbellatum,  L. 
JC-^gmaTsiaitferevSute,  so  that  self-fertilisation  takes  place  if  the  pollen  has  not 
all  been  removed  from  the  hairs 

—T^^g^ ^i^^^l^  r ^^.^er-e^nae,  :  „  stamens: 

suffices  to  reach  it.'  Not  only  the  two  branches  of  the  style  (which 
Le  91  mm  long)  protrude  from  the  anther-cylinder,  but  also 
T„tVmm  of  the  style  below  its  bifurcation;  pollen  remains 
S  erin  J  to'he  sharp,  bristly  hairs  (3,  d)  with  which  the  whole  of 
the  p  oiecting  part  of  the  style  is  clothed.  After  emerging  bam 
he  "an  he  -c  dinder,  the  two  branches  of  the  style,  winch  axe 
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covered  all  over  their  inner  surface  with  stigmatic  papillas,  spread 
apart,  and  gradually  bend  so  far  backwards  that  part  of  their 
stigmatic  surface  comes  in  contact  with  the  hairs  (Fig.  116,  2).  So  if 
the  pollen  has  not  been  removed  by  insects,  self-fertilisation  takes 
place.  If  insect-visitors  come  in  proper  time  self- fertilisation  is 
not  impossible,  but  the  chances  are  immensely  in  favour  of  cross- 
fertilisation,  and  of  cross-fertilisation  with  pollen  from  other  capitula, 
as  the  insect  on  alighting  comes  at  once  in  contact  with  the  upper 
surface  of  the  stigmas. 

Visitors:  A.  Hymenoptera—  («)  Apidce :  (1)  Apis  mdlifica,  L.  $ ,  s.  and 
c.p.,  ab.  ;  (2)  Bombus  lapidarina,  L.  s. ;  (3)  Daaypoda  hirtipes,  F.  b. 
and  c.p. ;  (4)  Panurgus  calcaratus,  Scop.  ?  £ ,  a.  and  c.p.,  very  ab.  ;  (5)  Halictus 
leucozonius,  Schr.  9  a.  and  c.p.  ;  (6)  H.  viUoaulua,  K.  ?  s.  and  c.p.  ; 
(7)  Megachile  argentata,  F.  ?,s.  ;  (8)  M.  Willughbiella,  K.  <j,  a.  •  (9)  Coelioxys 
conoidea,  111.  $,  s.  ;  (10)  C.  simplex,  Nyl.  ?,  s.  •  (b)  Ohi-ysidm  i  (11)  Hedy- 
chrum  lucidulum,  Latr.  B.  Diptera— (o)  Syrphidce :  (12)  Eristalis  tenax,  L. 
(as  late  as  Oct.  13)  ;  (13)  E.  arbustonun,  L.  ;  (14)  Syrphus  balteatus,  Deg., 
all  three  species  f.p.  and  s.,  very  ab.  ;  (b)  Conopida :  (15)  Sicus  ferrugineus, 
L.,  s.  ;  (16)  Occemyia  atra,  F.,  s.  C.  Lepidoptera— Rhopalocera :  (17)  Pieris 
napi,  L.,  ab.  ;  (18)  Satyrus  Megsera,  L.  ;  (19)  Vanessa  urticaj,  L.,  not  rare  ; 
(20)  Hesperia  sp.,  all  s.    See  also  No.  590,  ni. 

_  267.  Hieracium  pilosella,  L.— Forty-two  to  sixty-four  florets 
unite  to  form  a  capitulum,  and  increase  in  size  from  its  centre  to  its 
circumference.  In  each  the  tube  is  3  to  6  mm.  long,  and  the  limb  4 
to  8  mm.  long.  In  sunny  weather  the  capitulum  expands  to  form 
a  yellow  surface  20  mm.  in  diameter,  but  in  dull  weather  it  closes  up 
On  the  bare  slopes  where  the  plant  grows  abundantly,  its  capitula  are 
conspicuous  enough  to  attract  numerous  insects  in  spite  of  the  small 
size  of  the  plant. 

But  on  the  whole,  insect-visits  are  less  abundant,  though  not 
ess  various,  than  in  the  previous  species,  and  accordingly  while 
the  flowers  are  in  other  respects  similar,  self-fertilisation  is  better 
provided  for  by  the  greater  involution  of  the  stigmas  (Fig.  116,  4). 

c  p  Inf°8r8abA:  ^mAen°Ptera7(1a)  Apidm  W  Panur§™  "Wo*  Scop.  9  6  , 
op.  ana  8  ab.  ,  (2)  Andrena  fulvescens,  Sm.  ?  ;  (3)  A  fuWo-  Chv  Q  ?a{ 
Hahctus  leucozonius,  Schr    9  •  K\  TT   „;n     :       Tr  n'Iva'ga>  Un-  ?  >  (4) 

(11)  Bombylius  canescens  Mk  « 'rl B.  Diptera  (a)  Bombylidm  ': 
*WH  L-,  f.p.  Q  Lento  ? \  m  ',(  )  S^hidte!  (12)  Helophilna 
(14)Lyc£enaarcM0h.S  I  Tv    f''  J'  "P^cera  :  (13)  Pieris  braasics,  L.  •; 

wvUBVm*  (16)  Leptura  1ivkLVL.  j  ($}  aWe^^-;(l^ 

A  A  2 
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( Yvptocephalus  Morrei,  L.,  ab.  ;  (18)  C.  sericeus,  L.,  ab.  See  also  No.  590,  ill., 
for  a  farther  list  of  visitors  in  Low  Germany.  A  list  of  Alpine  visitors  (four 
beetles,  five  flies,  five  bees,  twenty-seven  Lepidoptera)  is  given  in  my  Aljpen- 
blamen  (690). 

268.  HlERACIUM  VULGATUM,  L.  :  — 

Visitors  :  A.  Hymenoptera—  Apidm  :  (1)  Bombus  Rajellus,  111.  ? ,  s.  ;  (2) 
B  terrestris,  L.  $ ,  s.  ;  (3)  B.  silvarum,  L.  ?  ,  s.  ;  (4)  Andrena  Coitana,  K.  $ ,  s.  ; 
(5)  A.  Mvescens,  Sm.  ?,  c.p.  ;  (6)  A.  denticulate,  K.  $,  s.  ;  (7)  Hahctus 
cylindricus,  F  ?  <J,  c.p.  and  s.,  ab.  ;  (8)  Panurgus  calcaratus,  Scop.  ?  <J , 
c.p.  and  s.,  ab.  B.  Lepidoptera—  Rhopalocem  :  (9)  Lycaena  icarus,  Rott.,  s. 
See  also  No.  590,  111. 

269.  Hypochceris  glabra,  L. : — 

Visitors:  Hymenoptera— 4p«fo :  (1)  Ehopbites  (Dufourea)  vulgaris, 
Schenck,  ?,  c.p.  and  s.  ;  (2)  Andrena  Mvescens,  Sm  $,  c.p.  ;  (3)  Hahctus 
nitidiusculus,  K.  ?  (Tekl.,  Borgst.)  ;  (4)  H.  cylindricus,  F.  ?,  c.p.;  (5) 
Sphecodes  gibbus,  L.  ?  <? ,  s. 

270.  HYPOCHffiRIS  RADICATA,  L.: — 

Visitors:  A.  Hymenoptera-^^.-  (1)  Apis  mellifica,  L.  c;P- ;  (2) 
Bombus  lapidarius,  L.  $,s.;  (3)  Dasypoda hirtipe* ,F  2  ,c ^  ^  ?^ 
urgus  calcLtus,  Scop.  ?  $,  s.  and  c.p.,  ab  ;  (0)  P.  Bank  lamis  K  2  |,  s. 
and  en  scarcer  ;  (6)  Colletes  Davieseana,  K.  ?  6,  c.p.  and  s,  ab. ;  (/)  Rho- 
P^iSurea)  Vulgaris,  Schenck,  ?,  c.p  and,; 

K  2  s  ;  (9)  A.  denticulate,  K.  2  C-P-  and  s"  (Teki'  B°0r8st  '  l^V  )\9l 
TVi  0  nn  (Thur)-  (11)  A.  fulvago,  Chr.  2 ,  cp- (Thur.) ;  (12) 

A.  fulvescens,  Sm.  2  >  C-P-  Unur-J  '  ^.  .  r ,  '  ^0  nn  •  H41  H 
Halictus  villosulus,  K.  2,  c.p.;  (13)  H  malachurus,  K. 2,  *£,  (")  ^ 
luaubris  K  ct ;  (15)  H.  flavipes,  F.  £  ;  (16)  H.  leucozomus  Sch*  2  <? ,  cp.  and 
C  ylindricus,  F.?  |,c.p.ands.  ;  (18)  H. rubicundus, Chr.  ? , c.p. ; (19) 
H  el  trigaL,  Schenck,  2 ,  c.p.  ;  (20)  H.  brevacornis  Schenck,  |,  s  (21) 
cT  t       n     •m-T,i,„a   T,    Q  J  ■  (22)  Diphysis  serratulse,  Pz.  $,  s.    tf.  uiprerd, 

—(«)  bppliM.  {    )  ftmebris,  Mgn,  tp. ;  (!>)  C»».5»rf«:  (2i) 

See  also  No.  590,  III.  and  No.  609. 

271.  Leostodon  auTUMNALIS,  L.-The  capitalum  consists  of 
forty  to  seventy  florets ;  it  expands  in  sunshine  to  a  diameter  of  20  to 
30  n.1  »d  closes  up  in  rainy  weather  till  its  diameter  is scarcely  8 
,  m     in  each  floret  the  tuhe  is  2J  to  5  mm  tog  and  4j >h»l j7 
S  i  8  mm  lou^    The  honey  rises  up  into  the  wider  part  of  he 
hi    The  anther-cylinder  projects  4  to  5  mm.  from  the  tube,  the 
Me'  S  to  4  mm  beyond  the  anther-cylinder.    The  style  is  covered 
:     s  outer  rface'with  pointed  sweeping-hairs,  and  ,s  closely  set 


part  nr.]        THE  MECHANISMS  OF  FLOWERS. 


357 


with  stigmatic  papillae  on  the  inner  surface  of  its  branches,  which 
for  the  most  part  do  not  become  entirely  separated  (Fig.  117,  2). 

Here,  as  in  Picrishicraciovlcs,  insect- visitors  come  in  contact  with 
the  pollen  and  stigmas  more  with  their  sides  than  with  their  under 
surfaces.    Simultaneous  fertilisation  of  numerous  florets  takes  place 


Fio.  117 —Leontodu ii  Mtiv.mna.lit,  L. 

'iSS  lL8B0J?ft1-(female^StnSl>  ufter  removnl  of  ovary  and  pnpmis  (x  7). 
2.   End  „f  the  style  >„  preceding  figure  (x  35).  a,  hairs  ;  b,  stigmatic  p&lft  ,  c,  pollen-groins. 


here,  as  in  most  Cichoriacese,  to  a  less  extent  than  in  those  Seneci- 
omdse  and  Asteroidese  in  which  the  out-pressed  pollen  and  after- 
wards the  stigmas  lie  in  one  plane.  In  this  species,  on  the  other 
Hand,  the  florets  are  able  at  one  and  the  same  time  to  receive 
pollen  from  msects  upon  their  stigmas,  and  to  contribute  their 
own  to  the  insect  in  turn. 
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If  sufficient  insects  visit  the  flower  in  time  to  remove  the  pollen 
from  the  sweeping-hairs  before  the  stigmatic  surfaces  appear,  cross- 
fertilisation  is  alone  possible.  If  insect-visitors  only  come  when 
the  branches  of  the  style  have  begun  to  separate,  then  the  possibility 
of  self-fertilisation  by  insect  agency  is  not  excluded.  Even  in  absence 
of  insects,  self-fertilisation  seems  to  be  not  impossible,  since  when 
die  stigmas  separate  their  edges  curve  outwards,  and  their  papillae 
may  easily  come  in  contact  with  pollen  still  upon  the  hairs. 

Visitors :  A.  Hymenoptera — (a)  Apidm  :  (1)  Apis  mellifica,  L.  $  ,  s. ;  (2)  Bom- 
bus  lapidarius,  L.  §  ,  s.  ;  (3)  Dasypoda  hirtipes,  F.  $ ,  scrambling  very  rapidly 
over  tbe  capitulum,  sucking  a  few  florets,  and  tben  flying  away  to  another  (the 
enormously  long  bairs  of  tbe  bindlegs  carry  buge  balls  of  yellow  pollen)  ;  (4) 
Panurgus  calcaratu's,  Scop.,  s.  and  c.p.  ;  (5)  Andrena  Mvicrus,  K.  ? ,  c.p.  ;  (6) 
Halictus  leucozonius,  Scbr.  ? ,  s.  and  c.p.  ;  (7)  H.  leucopus,  K.  ?  ;  (8)  H.  longulus, 
Sm.  $ ,  both  species  c.p.  and  s.  ;  (9)  H.  Smeatbmanellus,  K.  ^  ;  (10)  H. 
morio,  F.  J  ;  (11)  H.  maculatus,  Sm.  £  ;  (12)  H.  cylindricus,  F.  9—12  s.  ; 
(13)  Dipbysis  serratulse,  Pz.  ?  scarce,  s.  ;  (14)  Prosopis  armillata,  Nyl.  ^,s.  ; 
(6)  Sphegidce:  (15)  Pompilus  viaticus,  L.,  s.  B.  Diptera—  (a)  Syrphidm:  (16) 
Syrphus  pyrastri,  L.,  ab.  ;  (17)  S.  balteatus,  Deg.  ;  (18)  S.  nitidicollis,  Mgn.  ; 
(19)  Melithreptus  tseniatus,  Mgn.  ;  (20)  Volucella  bombylans,  L.  ;  (21)  Eristalis 
sepulcralis,  L.,  ab.  ;  (22)  E.  arbustorum,  L.,  very  ab.  (as  late  as  Oct.  13)  ;  (23) 

E.  tenax,  L.,  ab.,  all  both  f.p.  and  s.  ;  (b)  Conopidce :  (24)  Sicus  ferrugineus,  L.,  s. 
(c)  Bombylidce :  (25)  Systcechus  sulfnreus,  F.,  s.  ;  (</)  Muscidce :  (26)  Sarco- 
phaga  carnaria,  L.,  s.  only.  0.  Lepidoptera-  (a)  Rhopalocera :  (27)  Colias 
hyale,  L.  (Thur.)  s.  ;  (b)  Noctuce  :  (28)  Plusia  gamma,  L.  (as  late  as  Oct.  14),  s. 
See  also  No.  590,  in. 

272.  Leontodon  hastilis,  L.  (Koch) : — 

Visitors:  A.  Hymenoptera— (a)  Apidce:  (1)  Bombus  Barbutellus,  K.  ?, 
s.  ;  (2)  B.  pratorum,  L.  $  ,  s.  and  c.p.  ;  (3)  Andrena  fulvescens,  Sm.  ?,s.  and 
c.p.,  dusting  itself  very  thickly  with  pollen  (Mohnethal)  ;  (4)  A.  Coitana,  K. 
?  <J,  b.  and  c.p.  (Sauerland)  ;  (5)  Halictus  villosulus,  K.  ? ,  c.p.,  ab. ;  (6)  H. 
leucozonius,  Schr.  ? ,  c.p.  ;  (7)  H.  cylindricus,  F.  ?,  c.p.,  ab.  ;  (8)  H.  albipes 

F.  $  (obovatus,  K),  c.p.  ;  (9)  H.  Smeatbmanellus,  K.  ? ,  c.p.  ;  (b)  Ten- 
thredinidce  :  (10)  Tentbredo  sp.,  s.  B.  Diptera— (a)  Bombylida :  (11)  Sys- 
tcechus sulfureus,  Mikan,  s.  (Sid.)  ;  (b)  Syrphidm :  (12)  Cheilosia  sp.  ;  (13) 
Melithreptus  tseniatus,  Meig.,  f.p.  and  s.  (its  stomach  was  quite  full,  of  a  yellow 
mass  of  honey  mixed  with  poUen) ;  (14)  Volucella  pellucens,  L.,  s.,  freq.  (Sid.) ; 
(15)  Sericomyia  lappona,  L.,  s.  (Sid.)  ;  (16)  Eristalis  hordeola,  Deg.,  f.p.  and 
s  (Sid)  ab  \  (17)  E.  arbustorum,  L.,  f.p.  and  s.,  very  ab.  ;  (c)  Conopidce :  (18) 
Sicus  lerrugineus,  K,  s.  O  Lepidoptera— Rhopalocera  :  (19)  Hesperia  silvanus, 
Esp.,  8. 

273.  Leontodon  (Tjikincia)  hietus,  L.  :— 
"-Visitors  -  A  Hymenoptera— ApidiE :  (1)  Boffibus  confusus,  Schenck,      s.  : 
(2)  Panurgus  calcaratus,  Scop.  ?  $ ,  c.p.  and  s.,  ab. ,  (3)  Bhopbites  vulgan. 


part  in.]        THE  MECHANISMS  OF  FLOWERS.  359 

Schenck,  ?  ,  c.p.  and  s.  ;  (4)  Cilissa  melnnura,  Nyl.  ?  ;  (5)  Andrena  denticu- 
late, K.  ?,  s.  and  c.p.  (Sid.,  Tlmr.)  ;  (6)  A.  fulvicrus,  K.  ? ,  c.p.  ;  (7)  A. 
iulvescens,  Sin.  ? ,  c.p.  (Thur.)  ;  (8)  A.  fulvago,  Chr.  ? ,  c.p.  (Tlmr.)  ;  (9) 
Halictus  villosulus,  K.  ^ ,  c.p.  ;  (10)  H.  leucozonius,  Schr.  ?  ^,  c.p.  and  s., 
very  ab.  (Thuringer  Wald,  August  30,  1869)  ;  (11)  H.  cylindricus,  F.  ?  <$ ,  c.p. 
and  s. ;  (12)  H.  maculatus,  Sm.  <£,  s.  ;  (13)  H.  Smeathmanellus,  K.  $ ,  c.p.  ;  (14) 
H.  flavipes,  F.  $,  s.  ;  (15)  H.  lugubris,  K.  <$ ,  a.  B.  Diptera— Syrphidm  .-  (16) 
Eristalia  arbustoruin,  L.,  s.  and  f.p.  ;  (17)  E.  tenax,  L.,  do.,  both  species  ab.  ; 
(18)  Syrphus  balteatus,  Deg.,  do.  C.  Lepidoptera — Noctucu :  (19)  Plusia 
gamma,  L.,  s.  (as  late  as  Oct.  14).    See  also  No.  590,  in. 

274.  Taraxacum  officinale,  L. — The  capitulurn  consists  of 
about  100  to  over  200  florets  inserted  on  a  receptacle  only  5  to  7 
mm.  in  diameter.    In  each  floret  the  tube  is  3  to  7  mm.  long  and 
the  limb  7  to  15  mm.  long,  and  in  sunny  weather  the  capitulum 
expands  to  form  a  bright  yellow  surface  30  to  over  50  mm.  in 
diameter.    At  night  and  in  dull  weather  the  capitulum  closes  up 
so  completely  that  only  the  green  involucral  bracts  and  the  dark 
outer  surfaces  of  the  limbs  of  the  outermost  florets  remain  visible. 
The  honey  rises  into  the  upper  part  of  the  tube  (which  is  nearly 
filled  by  the  style),  and  is  therefore  accessible  to  insects  with  very 
short  proboscides.    From  each  tube  an  anther-cylinder  2\  to  5 
mm.  long  protrudes,  and  the  style  grows  to  a  height  of  3  to  5  mm. 
above  the  anther-cylinder.    The  projecting  portion  of  the  style  is 
clothed  with  pointed  hairs  over  its  whole  outer  surface,  which 
retain  entangled  among  them  the  pollen  that  they  have  swept  out 
of  the  anther-cylinder.    The  two  branches  of  the  style,  which  are 
closely  covered  over  their  whole  inner  surfaces  with  stigmatic 
papillae,  are  11  to  over  2  mm.  long;  they  bend  outwards  and 
curve  so  far  back  that  the  tip  of  each  makes  If  spiral  turns,  and 
accordingly,  if  insect-visits  have  not  taken  place  and  the  sweeping- 
hairs  are  still  covered  with  pollen,  self-fertilisation  must  take  place 
to  a  great  extent. 

Thus  in  the  Dandelion  we  have  a  plant  which,  by  the  great 
conspicuousness  of  its  flowers  and  the  great  abundance  and  ac- 
cessibility of  its  pollen  and  honey,  attracts  an  immense  variety  of 
insects  in  sunny  spring  weather;  but  which  has  fully  retained,  or 
has  again  acquired,  the  possibility  of  self-fertilisation,  since  it 
begins  to  bloom  so  early  that  as  a  rule  its  first  flowers  receive  no 
insect-visits,  while  its  latest  flowers  are  also  liable  to  be  left 
un  visited. 

vP  J') "" '/V  v  TV"'ne,™PtCTa-(«)  *VM*  ■■  (1)  Apis  mellifica,  hr^js.  and  c.p., 
v  o  .n\  b  1  ^  •  BUvar"m'  L-  ?  i  (3)  B-  terrestris,  L.  <j>  ;  (4)  B  .  muscorum, 
1.  ?  ;  (5)  B.  lapidarius,  L.  $  .  (6)  B.  confusus,  Schenck,  ?  ;  (7)  B.  Bartutellu^ 
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K.  ?  ;  (8)  B.  vestalis,  Fourc.  ? ,  all  8.  ;  (9)  Andrena  cingulata,  K.  £  ;  (10) 
A.  cineraria,  L.  $  £  ;  (11)  A.  pratensis,  Nyl.  ?  ;  (12)  A.  nitida,  K.  ?     ;  (13) 

A.  albicans,  K.  ?       very  ab.  ;  (14)  A.  fulva,  Schr.  $  ;  (15)  A.  Gwynana, 

E.  ?  <£,  very  ab.  ;  (16)  A.  helvola,  L.  ?  not  rare  ;  (17)  A.  mixta,  Schenck, 
$  (var.  of  tbe  former)  ;  (18)  A.  varians,  Eossi,  ? ,  not  rare ;  (19)  A.  atriceps, 
K.  $  $  ;  (20)  A.  nigrosenea,  K.  ?  ;  (21)  A.  Trimmerana,  K.  ?  ;  (22)  A. 
Smithella,  K.  ?  $,  ab.  ;  (23)  A.  fulvicrus,  K.  $  very  ab.  ;  (24)  A.  fasciata, 
Wesm.  ?  $  ;  (25)  A.  albicrus,  K.  $  ^ ;  (26)  A.  parvula,  K.  ?  $,  very  ab.  ; 
(27)  A.  argentata,  Sm.  (gracilis,  Schenck),  $ ,  ab.  ;  (28)  A.  dorsata,  K.  $  <$ ,  ab.  ; 
(29)  A.  fulvescens,  Sm.  $  ;  (30)  A.  connectens,  K.  $  ;  (31)  A.  convexiuscula 
K.  ? ,  all  Andrense  $  c.p.  and  s.,  tbe  $  s.  ;  (32)  Halictus  rubicundus,  Clir.  $  ; 
(33)  H.  zonulns,  Sm.  $  ;  (34)  H.  sexnotatus,  K.  $ ,  ab.  ;  (35)  H.  sexsignatus, 
Scbenck,  $ ,  ab.  (as  late  as  Oct.  13)  ;  (36)  H.  maculatus,  Sm.  $  ;  (37)  H.  albipes, 

F.  ? ,  ab.  ;  (38)  H.  cylindricus,  F.  ? ,  ab.  ;  (39)  H.  flavipes,  F.  ?  ;  (40)  H. 
morio,  F.  ?  ;  (41)  H.  leucopus,  K.  ?  ;  (42)  H.  longulus,  Sm.  ?  ;  (43)  H.  niti- 
diusculus,  K.  $ ,  ab.  ;  (44)  H.  villosulus,  K.  $  ;  (45)  H.  lucidulus,  Schenck,  $  ; 
(46)  H.  nitidus,  Schenck,  ?  ;  (47)  H.  minutissimus,  K.  $ ,  all  c.p.  and  s.  ;  (48) 
Sphecodes  gibbus,  L.  ? ,  s.  ;  (49)  Noniada  ruficornis,  L.  $  $ ,  very  ab. ;  (50) 
N.  varia,  Pz.  ?  ab. ;  (51)  N.  Lathburiana,  K.  ?;  (52)  N.  fiavoguttata, 
K.  ;  (53)  N.  lineola,  Pz.  ?  ;  (54)  N.  alternata,  K.  ?  ;  (55)  N.  succincta,  Pz. 
$  $ ;  (56)  N.  signata,  Jur.  ?  $ ,  all  s.  ;  (57)  Osmia  rufa,  L.  $ ,  s.  ;  (58)  O. 
fusca,  Chr.  (bicolor,  Schr.)  ? ,  s.  and  c.p.  ;  (b)  Formicidce :  (59)  Formica  con- 
gerens,  Nyl.        ab.,  s.  ;    («)  Tenthredinidce :  (60)  Cephus,  a  small  sp.,  ab. 

B.  Diptera— (a)  Emi>idce :  (61)  Empis  livida,  L.,  ab.  ;  (62)  E.  punctata,  F,  ab.  ; 
(63)  E.  opaca,  F,  all  three  s.  ;  (b)  Syrphidw  :  (64)  Eristalis  ceneus,  Scop.  ;  (65) 
E.  arbustorum,  L.  ;  (66)  E.  nemorum,  L.  ;  (67)  E.  tenax,  L.  (as  late  as  Oct.  13)  ; 
(68)  E.  pertinax,  Scop.  :  (69)  E.  sepulcralis,  L.  ;  (70)  E.  intricarius,  L.,  all  s. 
and  f.p.,  ab.  ;  (71)  Rhingia  rostrata,  L.  ;  (72)  Ascia  lanceolata,  Mgn.,  s. ;  (73) 
A.podagrica,F.,ab.,  f.p.  ;  (74)  SyTphus  nitidicollis,  Mgn.,  f.p.  ;  (75)  S.pyrastri, 
L.,  f.p.  ;  (76)  Melithreptus  tseniatus,  Mgn.,  f.p.  ;  (77)  Cheilosia  vernalis, 
Fallen,  f.p.  ;  (78)  Oh.  chloris,  Mgn.,  f.p.  ;  (c)  Muscidce :  (79)  Scatophaga  ster- 
coraria,  L.  ;  (80)  Sc.  merdaria,  F,  both  species  s.  and  f.p.,  ab.  ;  (81)  Onesia 
floralis.R.  D.,  freq.  C.  Lepidoptera— Rhopalocera :  (82)  Vanessa  urticae,  L.,  ab.  ; 
(83)  V.  Io,  L.,  ab.  ;  (84)  Rhodocera  rhamni,  L.  ;  (85)  Pieris  brassicse,  L.  ;  (86) 
P  napi,  L.  ;  (87)  Satyrus  Megsera,  L.  ;  (88)  Hesperia  alveolus,  Hb.,  all  s. 
D.  Coleoptera— (a)  Nitidulidce :  (89)  Meligethes,  ab.  ;  (b)  Buprestidce :  (90) 
Anthaxianitidula,  L. ;  (c)  Malacodermata  :  (91)  Malachius  bipustulatus,  F.,  f.p. ; 
(d)  Coccinellida  :  (92)  Coccinella  septempunctata,  L.,  tries  in  vain  to  reach  the 
honey.  E.  Hemiptera  ;  (93)  Pyrocoris  aptera,  L.,  s.,  ab.  See  also  No.  590,  m., 
for  a  further  list  of  visitors  in  Low  Germany  ;  and  No.  609  for  a  list  of  Alpine 


visitors. 


Altoo-ether  I  have  observed  upon  the  Dandelion — 


Lepidopteni. 


Dipteva. 


Other  Insects 


In  Low  Germany 


67 


1 


25 


25 


35 


26 


On  the  Alps  . . . 
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Apidic 

Lepidoptcra. 

Dipiera. 

Other  Insects 

111  Low  Germany 

58-2 

217 

13  .9 

On  the  Alps  ... 

25-5 

35  7 

26-5 

12-2 

275.  SONCHUS  OLERACEUS,  L.  : — 

Visitors :  A.  Diptera— Syrphidce :  (1)  Syrphus  balteatus,  Deg.,  f.p.  ;  (2) 
S.  arcuatus,  Fall.  ;  (3)  Eristalis  arbustorum,  L.  ;  all  three  species  s.  and  f.p. 
B.  Lepidoptera—  Rhopalocera :  (4)  Pieris  brassier,  L.,  s. 

276.  SONCHUS  ARVENSIS,  L.  : — 

Visitors  :  A.  Hymenoptera— Apidce :  (1)  Apis  mellifica,  L.  $ ,  a.  and  c  p  very 
ab.,  it  dusts  itself  over  and  over  with  pollen;  (2)  Bombussp,  s.  ;  (3)  Panurgus 
calcaratus,  Scop.  2  8.  and  c.p.,  very  ab.  ;  (4)  P.  Banksianus,  K.  q*t 
scarcer  ;  (5)  Halictus  qnadricinctus,  F.  2,  c.p.  ;  (6)  H.  rubicundus,  Chr  O 
c.p.  and  s.  ;  (7)  H  Aavipes,  F  ? ,  c.p.  ;  (8)  H.  lugubris,  K.  $ ,  s.  .  (9)  Nomada 
varia  Pz.  2  B.  (10)  Megachile  centuncularis,  L.  ?,  c.p.  and  s.  ;  (11)  Osmia 
spmulosa,  K  ?  c.p  and  s.  (Thur.)  B.  Diptera-(a)  Syrphidce:  (12)  Eristalis 
tenax,  L. ;  (13)  E.  arbustorum,  L.,  both  species  s.  and  f.p.,  ab.  ;  (14)  CheUosia 
sp.,  f.p.  ;(b)  Conopidce :  (15)  Sicus  ferrugineus,  L.,  s.  C.  Lepidoptera-^Aopa- 
locera  ,  (16  Hespena  sp.,  s.  D.  Coleoptera- (a)  Curculionidce  :  (17)  Spermo- 
phagus  cardm,  Schh.,  very  numerous;  (b)  Malacodermata :  (18)  Malachius 


styles  albifrons,  Rchb.,  A  a&Bl  t'h^   TmLI  v  Q   Tra'  -L  '  if^ 

L.,  O.  coTonovifoUum   Till     rl!  i  ,*    \P  V9m\}f>  MrV«mihemum  alpinum, 

albidum,  L.,  H.  aurantiacum,  L.,  H  Auricula  ^"^^urn,  Bt^wn 
staticifolium,  Vill.,  E.  villosum,  L. ,  ffypocliceris' urii  flora  ^Mf~>  ™  .  H. 
L.,  Lappa  major    Gartn     M,,/~r,JL™     7  unijlora,  Vill.,  Lactuca  perennis, 

*~fif*!^  ».< 

E  ,  S.  nebrodensis,  L  '      cora«««,  Jiocii.,  i>.  Doronicum, 

officinalis,  Mbnch.,  I'rcnanthcs  mvrali*  T      P    aeienium        I.  hirta,  L.,  Pctasites 

biutf  ^f^cZukisse  lei  drn  Composite,  (W, 

ZtaMfa,  Doronicum.,  lazani!  Zinfa  Z?l'  °a}endul*>  ^Wtoslemma 

^^ifol^ 
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REVIEW  OF  COMPOSITE. 


A  review  of  the  Composites  which  I  have  more  particularly 
described  shows  that  the  special  characters  of  the  family  for  the 
most  part  secure  such  abundant  insect-visits  that  the  power  of 
self-fertilisation  may  be  dispensed  with  ;  and  to  a  great  extent  it 
has  been  dispensed  with,  though  in  this  respect  all  gradations  are 
found  between  such  conspicuous  and  abundantly-visited  forms  as 
Taraxacum,  Gnicus  arvcnsis,  and  Achillma,  and  those  which,  like 
Senecio  vulgaris,  are  only  visited  exceptionally,  and  regularly 
fertilise  themselves. 

Species  in  this  last  condition  explain  how  it  could  be  of 
advantage  to  one  offshoot  of  the  Senecionida?  with  still  less 
conspicuous  flowers,  viz.  the  Artemisiacese,  to  adapt  themselves 
for  wind-fertilisation,  and  to  renounce  entirely  the  insect-visits 
whose  occurrence  had  become  so  rare.  Delpino  has  shown  in  a 
masterly  way  in  his  work  on  the  Artemisiacese,  the  small  steps  by 
which  this  change  took  place. 

A  comparison  of  species  in  the  same  genus  (e.g.  Senecio  Jacohcea 
and  8.  vulgaris,  Garduus  crispus  and  G.  acanthoides,  Gnicus  arvcnsis, 
G.palustris,  and  C.  nutans),  or  of  closely  allied  genera,  shows  clearly 
that  in  the  Composite},  as  in  other  cases,  the  abundance  of  insect- 
visitors  increases  with  the  conspicuousness  of  the  flowers,  and  the 
variety  of  insects  with  the  accessibility  of  the  honey.  It  u  only 
■  in  a  few  forms  with  solitary,  inconspicuous  capitula,  devoid  of 
Herniate  marginal  florets  (Gnaphalmm  uliginosum,  Senecio  vulgaris), 
that  insect-visits,  and  consequently  cross-fertilisation,  are  rare. 

If  we  compare  in  regard  to  the  variety  of  insect- visitors,  not 
isolated  genera  (Salio:,  Scabiosa,  Jasione),  but  whole  families,  with 
the  Composite*,  we  find  that  the  Umbelliferae  alone  rank  with, 
them-  indeed  they  in  some  cases  surpass  in  this  respect  the  most 
favoured  Composites.  But  corresponding  to  the  different  con- 
ditions of  the  honey  in  these  two  orders,  there  is  this  remarkable 
distinction,  that  the  Umbelliferae  are  visited  and  fertihsed  mainly 
bV  those  insects  which  are  least  specialised  for  floral  nutriment, 
/bile  most  Composite,  are  to  a  greater  extent  or 
visited  by  the  most  specialised  orders  of  insects.  To  make  this 
ruction  quite  evident,  I  have  arranged  in  the  following  table 
en  of  the  commonest  forms  of  each  order  with  their  visitors, 
cboosin.  plants  with  whose  insect-visitors  I  was  best  acquainted. 
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Taraxacum  officinale 

Cirsium  arvense   , 

Achillea  Millefolium   

Chrysanthemum  leucanthcmiun  . 

Centaurea  Jacea  ..   

Oarduus  acunthoides   

Senecio  Jaeobam  

Pieris  hieracioides  

Tanacetum  vulgare   

Eupatorium  cannabinuin  


Heracleum  Sphondylium  ... 
BSgopodium  Podagraria.  ... 
Anthiisons  silvestris 

Daucus  Carota   

Carum  Carni   

Anethmn  graveolens 

Sium  latifolium   

Angelica  silvestris  

Chserophyllum  temulum  ... 
Pimpinella  Saxifraga 


Percentages. 


a, 
P 


O 


93 
88 
87 
72 
48 
44 
40 
29 
27 
IS 


Composite. 
7 


6 
5 
13 
4 
3 
3 
5 
9 


58 
32 
30 
12 
28 
32 
18 
16 
7 
2 


Umbellifeu^e. 


IIS 
104 
73 
61 
55 
46 
32 
30 
23 
23 


13 
15 
5 
8 
9 
6 
0 
2 
1 
3 


21 

7 

1  7-5 

625 

22-6 

7-4 

24 

25 

;  79 

36-4 

27  3 

28-4 

21 

30 

69 

34-5 

241 

S4-j 

28 

27 

i  6'9 

16-fi 

38'9 

37-5 

6 

1 

1  27 

587 

125 

2 

3 

5 

1  9-1 

72-7 

6'8 

11-3 

18 

3 

7  5 

40 

45 

7-5 

9 

1 

.  10'8 

55-2 

31 

3  4 

7 

8 

:  1S-5 

25  9 

2o'9 

29-6 

6 

1 

50 

111 

33  3 

5-5 

49 

56 

0 

11- 

41-5 

47-4 

31 

55 

0 

144 

32  6 

52-9 

26 

42 

0 

8-8 

35-6 

57-5 

19 

32 

3-3 

131 

31-1 

52  5 

21 

24 

1-8 

164 

382 

43-6 

15 

25 

0 

13 

32  6 

54  3 

20 

12 

0 

0 

62  5 

37  5 

11 

16 

3  3 

66 

366 

53  3 

10 

12 

0 

4  3 

43  5 

52-2 

8  . 

0 

13 

34-8 

52  2 

This  table  shows  clearly  : — 

1.  That  many  Umbelliferse  are  not  visited  at  all  by  Lepidoptera, 
and  the  others  to  a  smaU  extent  only ;  while  the  Composites  are' 
regularly  visited  by  Lepidoptera,  and  in  some  cases  {Eupatorium) 
depend  mainly  upon  them.  Of  the  ten  Umbellifene,  three  only 
are  shown  to  be  visited  by  Lepidoptera,  which  in  no  case  exceed 
3-d  per  cent,  of  the  insect-visitors ;  and  I  can  testify  that  even 
these  few  species  are  not  regular  but  only  exceptional  guests  Of 
the  ten  Composite,  all  are  visited  by  some  Lepidoptera  (7  to  50 
per  cent  ),  and  these  are  among  their  regular  visitors.  Eupatorium 
I  have  found  to  be  visited  by  very  numerous  Lepidoptera  be- 
longing to  nine  species. 

2.  Bees  are  among  the  visitors  of  almost  all  Umbelliferse  ■  but 

and7  tc >  n "  V  SmaH  nUmb6r  °f  SPedes  (™der  16  cent.), 

and  to  a  still  smaller  percentage  of  individuals.     They  belong 

;t;riCdyfto  thr genera  which  are  eith-  ^   « z 

Zd  the'flow     °f  nDmg  h°ney  (C£  P-  287>-     0n  the  othev 

that  in  tW  ?     n  S  °f  the  m0St  Various  genera  so 

that  m  these  ten  Composite  of  my  table,  bees  form  11  to  72  per 
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cent,  of  the  whole  number  of  species,  and  a  still  larger  proportion 
of  the  individual  visitors,  and  owing  to  their  diligence  they  are  of 
even  greater  importance  in  the  work  of  fertilisation  than  this 
percentage  directly  indicates. 

3.  Diptera,  and  short-lipped  insects  of  other  orders  (especially 
Hymenoptera  and  Coleoptera),  form  a  considerable  percenta-e  of 
the  species  of  visitors  in  both  families,  but  more  so  in  the  caie  of 
Umbelliferse  than  of  Composite.  In  the  ten  Composites  the 
number  of  Dipterous  visitors  varies  from  6  to  45,  in  the  ten  TJm- 
bellifers  from  31  to  62,  per  cent.  Similarly,  the  percentage  of 
short-lipped  visitors  of  other  orders  varies  in  these  Composites 
from  2  to  37,  in  the  Umbellifers  from  37  to  57,  per  cent.  Diptera 
and  short-lipped  insects  of  other  orders  taken  together  make  in 
the  Composite  14  to  76,  in  the  UmbelliferaB  83  to  100  per  cent. 

In  the  face  of  this  evidence,  it  is  unnecessary  to  discuss 
Delpino's  statement  (178,  180)  that  the  Composite  are  fertilised 
almost  exclusively  by  bees. 

Orb.  STYLIDIEjE. 

The  plants  of  this  order,  according  to  Delpino  (who  examined 
only  dried  specimens),  are  markedly  proterandrous  and  are  evidently 
fertilised  by  insects  (178). 

Ord.  GOODENOVIEjE. 

In  the  plants  of  this  order  the  style  ends  in  a  collecting-cup, 
which  receives  the  pollen  while  still  in  the  bud  and  then  closes  up, 
leaving  only  a  narrow  opening  for  the  most  part  covered  by  hairs. 
At  the  same  time  it  bends  down  to  stand  in  the  mouth  of  the 
almost  horizontal  flower,  so  that  in  sect- visitors  come  in  contact 
with  the  hairs  and  dust  themselves  with  a  little  of  the  powdery 
pollen.  As  the  stigmatic  lobes  grow  up  in  the  cup  they  keep  forcing 
fresh  pollen  into  the  narrow  slit,  and  finally  emerge  by  it  themselves, 
and  then  receive  the  pollen  of  younger  flowers  from  insect-visitors 
(178   360  550).     The  structure  of  the  stigma  m  the  different 
genera  {Goodenia,  Sccevola,  Velleia,  Galogyne,  Bampiera,  Lesehe- 
naultia)  is  very  variable,  as  Bentham  shows  in  an  interesting 
paper  (84)     In  Leschenaultia  formosa,  R.  Br.,  the  insect  s  proboscis 
comes  in  contact  with  the  lower  lip  of  the  pollen-cup,  thus  opening 
it  and  dusting  itself  with  pollen;  in  the  next  flower  it  places  this 
pollen  on  the  stigmatic  surface  which  lies  outside  the  pollen-cup 
(Darwin,  No.  162). 
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Ord.  qampanvlageje. 


Tribe  Lobeliece. 


Siphocampylus  bicolor,  G.  Don. — The  five  anthers  cohere  to  form 
a  hollow  cylinder  which  becomes  filled  with  pollen,  and  whose 
anterior  opening  bends  downwards  into  the  mouth  of  the  flower. 
In  the  first  stage  the  style,  with  its  two  stigmatic  lobes  closely 
applied  to  one  another,  extends  to  the  base  of  the  anther-cylinder, 
but  gradually  grows  up  through  it,  brushing  the  pollen  before  it 
out  of  the  cylinder  by  means  of  a  ring  of  hairs  placed  behind  the 
stigmas.  When  the  stigmas  issue  at  the  anterior  opening  of  the 
cylinder  the  two  lobes  separate  and  expose  their  papillar  surfaces 
to  contact  with  insect-visitors  in  the  upper  part  of  the  mouth  of 
the  fl  ower.  So  insects  come  in  contact  in  younger  flowers  with 
pollen  at  the  anterior  opening  of  the  anther-cylinder,  and  in  older 
flowers  with  the  stigmas,  and  regularly  fertilise  older  flowers  with 
the  pollen  of  younger  (Hildebrand,  Nos.  346  and  351). 

Other  species  of  Siphocampijlus  are  believed  by  Delpino  to  be 
fertilised  by  honey-sucking  birds  (178). 

■Isotoma  axillaris,  R.  Br— The  mechanism  is  for  the  most  part 
similar,  but  there  is  a  lancet-like  appendage  to  each  of  the  lower 
anthers  which  extends  downwards  into  the  upper  part  of  the 
flower,  and  which  causes  shedding  of  the  pollen  when  touched  by 
an  insect  (Hildebrand,  No.  356). 

Lobelia  Erinus,  L.  (?)  (Common  Blue  Lobelia).— The  flower, 
which  has  been  thoroughly  described  by  Mr.  T.  H.  Farrer,  agrees 
in  all  essential  points  with  Siphocampylus  bicolor,  and  is  visited  by 
bees  (240). 

Delpino  saw  Lobelia  Erinus  visited  by  Ecdictus  (1 78).  Hilde- 
brand observed  in  the  same  species  that  the  style  is  frequently  not 
able  to  force  its  way  through  the  closed  end  of  the  anther-tube, 
and  that  in  such  a  case  the  stigmatic  lobes  unfold  within  the 
anther-tube  and  are  self-fertilised  (360). 

Lobelia  syphilitica,  L,  is  abundantly  visited  by  Bombus  italicus 
and  B.  terreslris  (Delpino,  172,  176). 

Lobelia  fulgens,  Willd. -Delpino  suggested  that  this  plant  is 
ertibsed  by  humming-birds  (172,  176),  and  Trelease  afterwards  saw 
the  flowers  visited  by  the  Ruby-throated  Humming-bird  (727  751) 

Heterotopia  differs  from  Siphocampylus  in  having  all  the  lobes  of 
the  corolla  bent  downwards,  in  the  lower  portion  of  the  corolla  beinc 
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produced  into  a  long  spur,  and  in  the  stamens  only  cohering  for  a 
short  distance  below  the  anthers  (360). 

Tribe  Cyphiece. 

The  stigma  is  crowned  witb  a  tuft  of  liairs  and  only  reaches  to 
the  base  of  the  anthers,  which  are  closely  aggregated  together 
and  contain  the  pollen  in  a  single  large  mass  between  them.  The 
anthers  stand  on  the  lower  side  of  the  horizontal  flowers,  and 
separate  when  the  insect-visitor  enters,  so  that  the  ventral  surface 
of  the  insect  comes  in  contact  with  the  pollen  and  with  the  stigma. 
Bees  are  probably  the  fertilising  agents  (178,  360). 

Tribe  C amj>anulem. 

The  structure  of  the  flower  in  our  species  of  Campanula  has 
been  admirably  described  and  explained  by  Sprengel.  Delpino 
makes  general  remarks  upon  this  and  several  other  genera  of 
Campanulea),  and  names  Cdoniaz  as  the  fertilisers  of  Campanula 
Medium,  and  Apis  and  Halidus  as  fertilisers  of  the  other  species  of 
Campanula  ;  and  he  gives  in  addition  to  his  own  observations  a  full 
account  of  the  erroneous  views  of  Wahlbom,  Cassini,  Du  Petit- 
Thouars,  Alph.  de  Candolle,  Treviranus,  Gartner,  and  Vaucher 
concerning  the  fertilisation  of  Campanula  (178,  360). 

In  Campanula  the  honey  is  secreted  and  borne  by  a  yellow, 
fleshy,  epigynous  disk  (n),  surrounding  the  base  of  the  style; 
it  is  covered  by  the  bases  of  the  five  stamens  which  expand  in 
triangular  lamina?  (sd).  Hairs  close  over  the  interspaces  between 
the  bases  of  the  stamens,  and  protect  the  honey  rather  from 
unbidden  guests  than,  as  Sprengel  supposes,  from  rain,  which 
is  sufficiently  guarded  against  in  most  species  by  the  pendulous 
position  of  the  flowers. 

In  the  bud,  and  often  for  a  time  in  the  open  flower,  the  three 
stigmas  lie  closely  applied  together,  forming  a  cylinder  whose  outer 
surface  is  thickly  covered  with  long,  erect  hairs ;  in  the  bud  the 
anthers  are  placed  close  around  this  cylindrical  brush  (grb),  so 
that  they  form  a  hollow  cylinder  inclosing  the  style,  and  as  they 
dehisce  introrsely  they  shed  their  pollen  upon  the  hairs  of  the 
brush.  When  this  has  taken  place  the  stamens  wither  and  with- 
draw into  the  base  of  the  flower.  Now  the  flower  opens  and  dis- 
plays in  the  first  stage  of  its  development  a  cylindrical  brush 
standing  in  the  centre  and  covered  thickly  all  round  with,  pollen, 
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which  is  rubbed  off  by  the  hairy  bodies  of  insect-visitors  until  it  is 
exhausted;  meanwhile  the  hairs  of  the  brush  gradually  shrivel.  In 
the  second  stage  the  three  divisions  of  the  style  separate  and  curve 
backwards,  exjDosing  their  inner  surfaces  covered  with  stigmatic 
papilla?  (si)  to  be  touched  by  insect-visitors.  In  case  of  sufficient 
insect-visits,  cross-fertilisation,  and,  as  in  every  case  of  marked 
proterandry,  fertilisation  of  older  flowers  with  the  pollen  of  younger, 
is  inevitable. 

In  Campanula,  when  insects  have  not  visited  the  flower  to 
a  sufficient  extent,  the  stigmas  usually  bend  further  backwards 


Fig.  US. — Campanula piullla,  L. 

A.  — Section  of  young  bud. 

B.  — Essential  organs  of  a  bud  about  to  open. 

C.  -  Essential  organs  of  a  flower,  in  first  (male)  stn<*e 

D.  —  Ditto,  in  second  (female)  stage,    (x  4  ) 

U^7^:^^^^^S-  :  I*,  brush  upon 


until  self-fertilisation  is  effected.  The  papillose  end  of  the  stigma 
either  comes  in  immediate  contact  with  the  pollen  still  adhering 
to  the  upper  end  of  the  styles,  or  pollen  falls  of  itself  upon  the 
papilla  ot  the  recurved  portion.  It  is  clear  from  its  wide,  bell- 
shaped  corolla,  that  Campanula  is  specially  adapted  for  humble- 
bees,  but  the  flowers  in  the  various  species  are  visited  by  many 
the   insects  chiefiy  bees.     Many  insects  find  shelter  from  rain 

vist  mllv  r^7night7  Withk  the  fl0W6rS  >  and  ^  confine  their 
visits  mamly  (pOtua  IwmorrhoidaUs,  species  of  Chelostoma)  or 
almost  exclusively  (mUctoides  dentiventris)  to  species  of  Campanula 
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277.  Campanula  botundifolia,  L. : — 

Visitors  :  A.  Hymenoptera — Apidce  :  (1)  Apis  mellifica,  L.  ? ,  s.  ;  (2) 
Bombus  pratorum,  L.  $  ,  s.  ;  (3)  B.  lapidarius,  L.  ?  ,  c.p.  ;  (4)  Cilissa  hrcmar- 
rhoidalis,  F.  $  $ ,  s.  and  c.p.  ;  (5)  Andrena  Coitana,  K.  ^  (Sid.),  ab.  ;  (6) 
A.  Gwynana,  K.  £ ;  (7)  Halictus  Snieathmanellus,  K.  $ ;  (8)  Halictoides 
dentiventris,  Nyl.  $  ? ,  tbe  $  abundant,  sometimes  passing  the  nigbt  within 
the  flowers  ;  (9)  Chelostoma  nigricorne,  Nyl.  $  $ ,  s.  and  c.p.  ;  (10)  Ch.  Cain- 
panularum,  L.,  do.  B.  Diptera — (a)  Bombyliclce :  (11)  Systoechus  sulfureus, 
Mik.,  s.  (Sid  )  ;  (b)  Empidce :  (12)  Rhamphomyia  plumipes,  Fallen,  ab.  C.  Lepi- 
doptera— (13)  Ino  statices,  L.,  s.  (Sid.).  D.  Coleoptera—  (a)  Stqphylinidce :  (14) 
Anthobium  ;  (b)  Curculionidce :  (15)  Gymnetron  Campanula?,  L.  ;  (16)  Otio- 
rhynchus  ovatus.  On  the  Alps  also  this  species  is  chiefly  visited  by  bees 
(609).    See  also  No.  590,  III. 

278.  Campanula  Trachelium,  L.  :  — 

Visitors  :  A.  Hymenoptera— Apidce  :  (1)  Apis  mellifica,  L.,  $ ,  s.,  ab.  ;  (2) 
Cilissa  hajmarrhoidalis,  F.  ?  £ ,  s.  and  c.p.,  the  $  very  ab.,  sometimes  three  in 
one  flower  ;  (3)  Andrena  Coitana,  K.  ?  $ ,  here  also  the  $  is  much  the  more 
abundant;  (4)  A.  Gwynana,  K.  $  ab.  ;  (5)  A.  fulvicrus,  K.  $,  taking 
shelter  during  rain  ;  (6)  Halictus  cylindricus,  F.  $ ,  c.p.  ;  (7)  Halictoides 
dentiventris,  Nyl.  ?  $ ,  $  very  ab.  ;  (8)  Prosopis  hyalinata,  Sm.  <j>  $ ,  ab.  ; 
(9)  Chelostoma  Campanularum,  L.  B.  Diptera— Syrphidce :  (10)  Chryso- 
chlamys  ruficorais,  F.  (Lippstadt,  Sid.),  f.p.  ;  (11)  Syrphus  balteatus,  Deg., 
f.p.  C.  Coleoptera— (a)  Mtidulidce :  (12)  Meligethes,  very  ab.  ;  (b)  Crypto- 
phagidce  :  (13)  Antherophagus,  sp.    See  also  No.  590,  m. 


279.  Campanula  bapunculoides,  L. : — 

Visitors  :  A.  Hymenoptera— Apidce :  (1)  Apis  mellifica,  L.  $ ,  s.  ;  (2) 
Bombus  lapidarius,  L.  s.  and  c.p.  ;  (3)  Cilissa  hsemarrhoidalis,  F?  c$  ;  (4) 
Andrena  Gwynana,  K.  $  ?  ;  (5)  Halictus  maculatus,  Sm.  $  ;  (6)  H  albipes, 
K  2  ;  (7)  Chelostoma  nigricorne,  Nyl.  $  ?  ;  (8)  Ch.  Campanularum,  K.  <J  ?  ; 

(9)  Prosopis  hyalinata,  Sm.  $  ?,the  last  three  ab.    B.  Viytem-Syrphidce  : 

(10)  Rhingia  rostrata,  L.,  s,  it  issues  from  the  flower  with  its  back  covered 
with  pollen.    See  also  No.  590, 111. 

280.  Campanula  bononiensis,  L.  (Wandersleber  Gleiche  in 
Thuringia). 

Visitors:  A.  Hymenoptera-^"^  (1)  Chelostoma  florisomne  L  ?  J, 
freq.;  (2)  Ch.  nigricorne,  Nyl.  ?  ;  (3)  Ch.  Campanularum,  K.  $  <J,  ab.  ; 
(4)  Halictus  flavtpes,  F.  ?.  B.  Coleoptera-JMKcte :  (5)  Meligethes, 
freq.    See  also  No.  590,  in. 

281.  Campanula  patula,  L.  :— 

Visitors:  Hymenoptera-^"^  •  C1)  Andrena  Gwynana,  K.  ? ,  s.  and 
,.p.  ;  (2)  Chelostoma  nigricorne,  Nyl.  $  ?,  s.  and  c.p.    See  also  No.  590,  to. 
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282.  Campanula  persicifolia,  L. : — 

Visitors:  A.  Hymeiioptera — Apida :  (1)  Prosopis  hyalinata,  Sm.  ? 
B.  Orthoptera — (2)  Forficula  aurieularia,  L.,  hiding  in  the  flowers.    See  also 
No.  590,  nr. 

Campanula  canescens,  Wall.,  and  C.  colorata,  Wall.,  two  East 
Indian  species,  have  cleistogamic  flowers  (53 1).1 

Specularia  perfoliata,  Dec. — The  cleistogamic  flowers,  which 
were  known  to  Linnaeus,  are  described  by H.  von  Mohl  (531). 

Trachclium. — When  the  flower  expands  the  pollen  adheres  to 
the  hairs  of  the  stigma,  which  in  the  bud  grows  up  between  the 
anthers ;  these  hairs  then  wither  and  readily  give  up  the  pollen  to 
an  insect- visitor.  Afterwards  the  stigma  unfolds  and  its  papillae 
develop.  Delpino  observed  a  cabbage-white  butterfly  (Picris) 
sucking,  and  a  bee  (ffalictus)  collecting  pollen,  on  the  flowers 
(178,  360). 

Phyteiima. — The  structure  of  the  flower  of  Phytcuma  resembles 
on  the  whole  that  of  Campanula,  but  the  pollen,  as  in  Compositse, 
is  pushed  up  out  of  a  tube  by  the  growing  style,  and  comes  to  lie 
outside  the  flower  exactly  in  the  spot  where  the  stigmas  after- 
wards unfold.  The  tube  is  formed  by  the  lorjg  strap-shaped  lobes 
of  the  corolla  which  cohere  for  a  time  and  afterwards  separate. 
This  arrangement  allows  of  diminution  in  size  and  aggregation  of  the 
flowers  without  interfering  with  the  certainty  of  cross-fertilisation. 

I  have  found  the  blue  Alpine  species  of  PhyUuma  (P.  hemi- 
sphcericum,  L.,  humile,  Schleich.,  orbiculare,  L.,  Scheuchzeri  All 
Michelvi,  AIL,  Eallcri,  All.)  to  be  visited  for  the  most  part  by 
numerous  bees  and  butterflies.  For  instance,  on  P.  Michelii  I 
observed  seventeen  Apidce  (including  twelve  humble-bees)  forty- 
two  Lepicloptcra,  eight  Diptera,  one  beetle  (No.  609,  pp.  406-413) 

Phytcuma  pauciflorum,  L„  was  found  by  Eicca  to  be  visited  by 
humble-bees  on  the  Alps  at  a  height  of  nearly  10,000  feet  (665). 

283.  Jasione  Montana,  L.-The  structure  of  the  flower  was 
described  thoroughly  and  accurately  by  Sprengel.  The  flower  to 
a  greater  extent  even  than  PhyUuma,  has  two  advantages  over 
Campanula,  for  (1)  it  attracts  much  more  numerous  and  more 
varied  insects  for  the  sake  of  its  honey  and  pollen,  and  (2)  it 
allows  the  larger  visitors  to  fertilise  a  greater  number  of  stigmas 
imultaneously  with  pollen  from  other  flowers,  while  in  Cannula 
the  fertilisation  of  each  flower  requires  a  separate  visit. 

,  o.  ameucnzen,  Vill.,  C.  barbaia,  L.,  and  C.  tlvyrsoidea,  1,. 
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The  visits  of  a  more  miscellaneous  lot  of  insects  are  attained 
by  the  honey  being  very  easily  accessible,  though  protected  from 
rain.  It  is  secreted,  as  in  Campanula,  by  the  upper  surface  of  the 
ovary,  where  it  lies  fully  exposed  and  surrounded  by  the  flat  limb 
of  the  calyx.  The  corolla  is  cleft  to  its  base  into  narrow  linear 
lobes,  and  permits  the  most  short-lipped  insects  to  have  free  access 
to  the  honey ;  the  stamens,  by  cohering  at  the  base  of  the  anthers 


Fig.  119.—  Phyteuma  Michelii,  L. 
A.— Young  bud,  after  removal  of  the  corolla  and  of  one  stamen. 
B  —  Flower,  in  first  (male)  stage. 
C— Ditto,  in  second  (female)  stage,   (x  7.) 
(Franzenshbh,  July  20,  1874). 


to  form  a  ring  round  the  style,  shelter  the  honey  from  ram,  though 
not  from  insects,  which  can  insert  their  heads  or  tongues  between 
the  filaments  which  are  quite  thin  and  widely  separate  to  their  bases. 
Drops  of  rain  are  excluded  from  the  base  of  the  flower  partly  by 
the  shrivelled  anthers  which  point  obliquely  upwards,  and  partly 
by  the  filaments.  That  the  larger  insects  fertilise  numerous 
flowers  at  each  visit  with  pollen  from  other  flowers  is  effected I  by 
three  other  characters  conjointly.     In  the  first  place,  the  flo*  ■ . 
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tare  so  small  and  so  closely  aggregated  that  the  larger  insects  come 
in  contact  with  many  at  once  in  their  visits ;  secondly,  the  styles 
elongate  until  they  overtop  the  lobes  of  the  corolla ;  and  thirdly, 
here  as  in  Campanula  the  flowers  are  markedly  proterandrous, 
the  style  bearing  first  a  cylindrical  brush  covered  with  pollen 
(Fig.  120,  3),  and  afterwards,  when  both  pollen  and  hairs  have 


Fio.  120.—  Jasione  montana,  L 
4.-DMO,  in  second  (female)  stage,  after  removal  of  the  calyx  and  corolla. 

disappeared,  displaying  a  two-lobed  stigma.    The  small  size  of  th, 

I  «m%r  "Til      *       ™i0n  °f  a  Z  *  —  t 
to  be  ab3'  ir?g         ?       nUmb6r  °f  fl°retS  in  a  caPitulu- 
I  hav    foi7*        VhQ  Spe0imenS  that  1  have  ^mined, 
eac   nglSO  mimber  t0  *  *"***<**J  over  100,  even 
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Jasione  is  rendered  especially  conspicuous  by  growing  chiefly 
on  dry,  sandy  soil,  where  it  is  usually  one  of  the  most  prominent 
flowers,  and  where  many  bees  and  sand-wasps  which  visit  it  have 
their  nests. 

On  two  such  spots,  behind  the  Tannenbaum  at  Lippstadt,  and 
on  the  Lippstadt  Heath,  I  found  the  following  insects  visiting  the 
flowers  in  July  and  August,  18G8  and  1869  : — 

A.  Hymenoptera—  (a)  Ap'uhe  :  (1)  Bombus  hortorum,  L.  $  § ,  s.  ;  (2) 
B.  silvarum,  L.  ?  ,  s.  ;  (3)  B.  rupestris,  L.  ? ,  s.  ;  (4)  Sarapoda  bimaeulata,  Pz. 
?  £ ,  very  ab.,  s.  and  c.p.  ;  (5)  Dasypoda  birtipes,  F.  $ ,  freq.  ;  (6)  Cilissa 
leporina,  Pz.  ?  ;  (7)  Rhophites  balictula,  Nyl.  ? ,  s.  ;  (8)  Andrena  Hattorfiana, 
F.       once  ;  (9)  A.  dorsata,  K.  ?       ab.  ;  (10)  A.  pubescens,  K.  $  (=  fus- 
cipes,  K.),  s.  ;  (11)  A.  fulvago,  Chr.  ?  ;  (12)  A.  belvola,  L.  $  ;  (13)  A.  fulvi- 
crus,  K.  ?  ;-  (14)  A.  argentata,  Sin.  £  ;  (15)  A.  pilipes,  F.  $  ;  (16)  A.  Coitana, 
K.  $  ?  ;  (17)  Colletes  marginata,  L.  $  ;  (18)  Halictus  fasciatus,  Nyl.  $  ;  (19) 
H.  flavipes,  F.  <J  ;  (20)  H.  leucozonius,  Sebr.  ?  ;  (21)  H.  albipes,  F.  ?  ;  (22) 
H.  cylindrical,  F.  $  $  ;  (23)  H.  villosulus,  K.  ?  ;  (24)  H.  lacidulus,  Schenck,  $  ; 
(25)  Spbecodes  gibbus,  L.  ?  (var.  rufescens,  Fourc.)  ;  in  tbe  last  tbree  genera 
tbe  $  s.,  tbe  ?  s.  and  c.p.  ;  (26)  Ceratina  cserulea,  Vill.  ?      freq.,  s.  and  c.p.  ; 
(27)  Nomada  ruficornis,  L.  ?  <J  ;  (28)  N.  Roberjeotiana,  Pz.  $  $  ;  (29)  N. 
nigrita,  Scbenck,  $  ;  (30)  N.  lineola,  Pz.  $ ;  (31)  N.  Jacobaese,  Pz.  ;  (32)  N. 
varia,  Pz.  ;  (33)  N.  Fabriciana,  L.  ;  (34)  Ccelioxys  quadridentata,  L.  ?  $,  ab.  ; 
(35)  0.  conoidea,  111.  (punctata,  Lep.  ?)  ;  (36)  C.  simplex,  Nyl.  ?  $,  s.  ;  (37) 
Epeolus  variegatus,  L.  $  ? ,  freq.  ;  the  cuckoo-bees  of  course  only  suck  ; 
(38)  Antbidium  striatum,  Latr.  $  ;  (39)  Dipbysis  serratulse,  Pz.  ?  ;  (40)  Me- 
gacbile  maritima,  K.  $\  (41)  M.  argentata,  F.  <??,  s.  and  c.p.,  ab.  ;  (42) 
Cbelostoma  campanularum,  L.  $;  (43)  Prosopis  vanegata,  F.  ?  <J ,  very  ab.  ; 
(44)  P.  dilatata,  K.  «J ;  (45)  P.  communis,  Nyl.  ?  $ ,  ab. ;  (46)  P  byalinata, 
Sm   ?,  ab.  ;  (47)  P.  pictipes,  Nyl.  ?,  scarce;  (6)  Sphegidm,  s.  ;  (48)  Amino- 
pbila  sabulosa,  L.  $,  freq.  ;  (49)  Psammopbila  affinis,  K.  £  ?  ,  very  rreq.  ; 
(50)  Pompilus  rufipes,  L.  <J  ;  (51)  P.  viaticus,  L.     ;  (52)  Ceropales  maculate 
F    freq  ;  (53)  Cerceris  areuaria,  L.  ?  $,  ab.  ;  (o4)  C.  labiata,  F.  $ ,  55) 
a'nasuta  Kl.  $ ;  (56)  Mellinus  sabulosus,  F.,  freq  ;  (57)  Miscus  campes  ris 
Latr  ?  ;  (58)  Pbilantbus  triangulum,  F.  ;  (59)  Tacbytes  pectmipes  L  ;  (60) 
Lmdenkis  albilabris,  F.  ;  (61)  Oxybelus  uuiglumis,  L,  ab.  ;  (62)  0.  be  hcosuj 
01  •  (63)  0.  mandibularis,  Dblb.  ;  (64)  Crabro  alatus,  Pz.         very  ab.  , (bo) 
0,  patellatus,  v.  d.  L.  ?  ;  (66)  Cr.  pterotus,  F.  ?      both  not  rare  ;  (c) 
sidl-  (67)  Hedychrum  lucidulum,  Latr.,  s.    B.  Diptera-(«)  Bombylida  . 
m)  Exop  osopa'capucina,  F.,  not  rare  ;  (6)  Jfetffafi.  : 
veryab.  "(c)  SyrphL  :  (70)  Melitbreptus  scriptus,  L  ;  (71)  - 
(72   Volucella  bombylans,  L.  ;  (73)  Heloplnlus  peudnlu*  K       4)  E t. hs 
LU  K  ;  (75)  E.  ameus,  Scop.  ;  (76)  E  ^orum^ ^  SffiSX 


Ocyptera  brasstcana,  r.;  oo  Olfviera  lateralis,  Pz., 

r^fflii^^  S  £ S  ^    0.  Lepidoptera,  s.  ;  (») 


PART  III.] 


THE  .MECHANISMS  OF  FLO  WEES. 


373 


Rhopalocera  :  (90)  Polyommatus  Phlooas,  L.,  s.,  ab.;  (91)  P.  Dorilis,  Hfn.,  freq.; 
(92)  Lycsena  scgon,  W.  V.  £  ;  (93)  Satyrus  Janira,  L.,  ab.  ;  (94)-S.  pamplrilus,  L. ; 
(95)  Hesperia  thaunias,  Hfn.  ;  (b)  Sphingida :  (96)  Ino  statices,  L.  D.  Cole- 
optera — (a)  (Edemeridw :  (97)  (Edemera  viresceus,  L.  ;  (b)  Ceravibycidie  :  (98) 
Leptura  livida,  L.,  freq.,  l.b.  ;  (c)  Chri/someUdm :  (99)  Cryptocepbalus  sericeus, 
L.    A  list  of  nineteen  additional  visitors  is  given  in  No.  590,  in. 

Jasione  montana  stands  in  the  front  rank  of  our  native  plants 
in  regard  to  the  number  and  variety  of  its  insect-visitors  ;  it  is  only 
matched  by  some  UmbelliferaB  and  Compositae,  which  share  with  it 
the  advantages  of  fully-exposed  honey,  and  the  union  of  numerous 
flowers  with  freely-projecting  reproductive  stigmas  and  anthers  in  a 
conspicuous  inflorescence.  In  all  such  plants,  cross-fertilisation  is 
completely  insured,  and  accordingly  the  possibility  of  self-fertilisa- 
tion has  been  lost. 


Oed.  VACCINIACEM. 

284.  Vaccinium  Myrtillus,  L. ;  285,  V.  uliginosum,  L.— Both 
species  are  slightly  proterandrous,  and  resemble  Erica  tetralix  in 
their  mode  of  fertilisation. 

In  V.  Myrtillus,  according  to  Sprengel,  honey  is  secreted  and 
borne  by  the  white  annular  ridge  or  disk  which  rests  upon  the 
ovary  and  surrounds  the  style ;  I  have  never  found  this  disk  moist, 
even  when  the  wide  part  of  the  corolla  is  quite  wet  with  honey  ; 
it  is  moreover  not  so  smooth  as  honey-glands  usually -are.  On  the 
other  band,  I  have  very  frequently  found  in  both  species  a  drop  of 
honey  at  the  outer  side  of  the  base  of  each  stamen;  and  as  the 
base  of  the  corolla  immediately  above  its  insertion  is  all  round 
much  thicker  and  fleshier  than  the  upper  portion,  I  at  first  did  not 
doubt  that  it  secreted  the  honey.  But  I  have  since  convinced 
myself  that  Sprengel  was  right,  and  that  the  drops  of  honey  secreted 
by  the  epigynous  disk  pass  between  the  filaments  to  the  wall  of 
the  corolla. 

So  far,  both  species  agree  with  one  another  :  but  in  other  respects 
each  has  certain  advantages  over  the  other.  V.  Myrtillus  secretes 
more  honey,  which  is  lodged  in  a  much  more  globular  corolla  •  the 
opening  is  narrowed  so  that  only  insects  with  a  proboscis' Ion. 

btain theT  ^  eXteri°r  t0  the  baSe  0f  the  cor°Ua  ™ 

buZ  K         y'    ^        °ther  W1'  V'  uliginomm  forms  taller 

the  sl  r1"^  rC\m°re  nUmer°US  flowers'  wticl1  *™  red  on 
rained  towards  the  light  and  therefore  much  more  con- 
spicuous  while  the  mouth  of  the  corolla  is  3  mm.  wide,  permitting 
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the  smaller  insects  to  insert  their  heads  or  the  whole  forepart  of 
the  body.  V.  Myrtillus  has  thus  adapted  itself  exclusively  for  the 
long-proboscised  bees  (hive-bees,  humble-bees),  which  are  con- 
spicuous for  their  skill  and  diligence ;  they  know  that  within 
the  inconspicuous  corolla  they  will  find  a  rich  store  of  honey,  and 
seek  it  so  assiduously  tbat  hundreds  of  the  flowers  are  visited  and 
fertilised  by  a  single  insect.  V.  uliginosum  has  adapted  itself  by 
its  more  conspicuous  flowers  and  more  accessible  honey  to  much 
more  various  insects ;  it  is  much  less  frequently  and  less 
assiduously  visited  by  the  long-tongued  bees  -than  V.  Myrtillus, 
for  the  greater  part  of  the  honey  is  carried  away  by  the  short- 
lipped  insects. 


The  difference  in  size  of  the  mouths  of  the  corolla  causes  also 
another  difference,  illustrated  in  Fig.  121.  In  V.  Myrtillus  the 
stigma  projects  a  little  beyond  the  corolla,  and,  as  every  insect- 
visitor  inserts  only  its  proboscis  into  the  flower,  the  stigma  is  certain 
to  be  touched  by  the  insect's  head  before  the  latter  receives  the 
pollen  shed  upon  it.  In  V.  uliginosum,  if  the  stigma  occupied  the 
same  position,  the  smaller  bees  {Halidus  and  small  Andrew  and 
Nomadai)  might  enter  the  flower  without  ever  touching  the  stigma ; 
whereas,  placed  as  it  is,  immediately  within  the  entrance,  it  must 
be  touched  by  even  the  smallest  insects  entering  the  flower.  I 
have  verified  by  direct  observation  this  marked  distinction  between 
the  insect-visitors  of  the  two  species. 
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284.  V.  Mvktillus,  L.  :— 

Visitors  :  (1)  Apis  mellifica,  L.  ?  ,  very  ab.,  s.  ;  (2)  Bombus  agroruni,  F.  $  , 
ab.  ;  (3)  1!.  lapidarius,  L.  ?  ;  (4)  B.  terrestris,  L.  ?  ;  (5)  B.  Scrimshiramis, 
K.  $,  all  sucking  only.  They  hung,  head  downwards,  from  the  corolla.  All 
the  humble-bees  that  I  observed  were  females,  for  the  workers  .scarcely  occur 
when  the  plant  is  in  flower  (middle  of  April  to  beginning  of  May).  (6)  An- 
il reini  nigroamea,  K.  £ ,  I  once  found  this  species,  whose  proboscis  is  only  3^ 
nun.  long,  endeavouring  vainly  to  reach  the  honey. 

285.  V.  uliginosum,  L. — I  found  all  the  following  insects  upon 
this  plant  on  one  sunny  afternoon  (May  19,  1870)  : — 

A.  Hymenoptera — (a)  Apidm:  (1)  Apis  mellifica,  L.  $ ,  ab. ;  (2)  Bombus 
terrestris,  L.  ? ,  freq. ;  (3)  B.  hortornm,  L.  $  ;  (4)  B.  pratorum,  L.  £  ;  (5) 
B.  agrorum,  F.  $  j  (6)  B.  confusus,  Schenck,  ?  ;  (7)  B.  (Apathus)  vestalis, 
Fourc.  ?,  freq. ;  (8)  B.  (A.)  campestris,  Pz.  ?  ;  (9)  B.  silvarum,  L.  ?  ;  (10) 
Andrena  nigroamea,  K.  ?  $ ;  (11)  A.  pilipes,  F.  $ ;  (12)  A.  fulva,  Schrank, 
?  ;  (13)  A.  Gwynana,  K.  ? ;  (14)  A.  atriceps,  K.  $  ;  (15)  Halictus  rubi- 
cmidus,  Chr.  ?  ;  (16)  H.  flavipes,  F.  ?  ;  (17)  H.  sexnotatus,  K.  $  ;  (18)  H. 
cylindricus,  F.  ?  ;  (19)  H.  sexstrigatus,  Schenck,  ? ;  (20)  Colletes  cunicularia, 
L.  ?  ;  (21)  Nomada  ruficornis,  L.  $  ;  (22)  N.  ferrnginata,  K.  ?  ;  (23)  Osmia 
rufa,  L.  ? ,  all  sucking ;  (b)  Vespidas :  (24)  Vespa  rufa,  L.,  s.  B.  Diptera— 
Syrphidm:  (25)  Eristalis  arbustorum,  L.,  very  ab.  ;  (26)  E.  horticola,  Mgn., 
scarce  ;  (27)  E.  intricarius,  L.,  do. ;  (28)  Bhingia  rostrata,  L.,  not  nnfreq.^all 
four  sucking.  C.  Lepidoptera— Rhopalocera  :  (29)  Lycama  argiolus,  L. ;  '(30) 
Thecla  rubi,  L.,  both  sucking.    See  also  No.  590,  m. 

Vaccinium  oxycocens,  L. — The  structure  of  the  flower  was  care- 
fully described  by  Sprengel.  It  is  adapted  for  bees,  but  is  very 
sparingly  visited.  The  flowers  last  a  very  long  time,  according  to 
Sprengel,  eighteen  days,  and  Sprengel  was  probably  justified  in 
considering  this  fact  to  be  explained  by  the  scanty  insect-visits 
(590,  HI.). 

Vaccinium  Vitis-idma,  L.— The  mouth  of  the  corolla  is  still 
wider  than  m  V.  uliginosum,  and  the  flower  is  more  nearly  erect 
The  plant  is  fertilised  by  hive-bees  and  humble-bees  (589  609) 


Obd.  ERIC  AGE  Ji. 
Tribe  Arbuteai. 


Arclostaphylos  Uva-ursi,  Spr.  (Arbutus  nva-ursi,  L.).-The 
Sower  resembles  that  of  Erica  tctraUx  in  structure,  and  is  likewise 
fertilised  chiefly  by  humble-bees  (609). 


376 


THE  FERTILISATION  OF  FLOWERS.        [part  hi 


Tribe  Andromedece. 

Epigcea  is  tetramorpJiic,  possessing  four  kinds  of  flowers,  which 
differ  partly  in  the  length  of  the  style,  partly  in  the  condition  of 
the  stigma  and  anthers  (Asa  Gray,  No.  285). 

Tribe  Ericece. 

286.  Erica  tetralix,  L. — The  pendulous,  urceolate  flower  is 
7  mm.  long,  4  mm.  wide  in  the  middle,  and  2  mm.  wide  at  the 


Fig.  122.— Erica  tctralix,  L. 

Flower,  after  removal  of  half  the  calyx  and  corolla.  _ 
a  sepal  •  b,  corolla  ;  c,  its  recurved  limb  ;  d,  anthers,  partly  displaced  ;  c,  their  orifices  ;  /,  then 
appendages';  g:  nectaries;  h,  ovary;  i,  style;  k,  stigma. 

mouth.  The  base  of  the  ovary  is  surrounded  by  a  dark,  glandular 
ring  which  secretes  honey.  The  style  (i)  stands  in  the  axis  of  the 
flower,  extending  to  the  mouth  of  the  corolla ;  it  bears  at  the 
end  a 'blackish,  moist,  sticky  stigma  (Jc),  which  protrudes  slightly 
from  the  mouth  of  the  flower,  so  that  an  insect,  hanging  beneath 
the  flower  and  thrusting  its  proboscis  towards  the  honey  at  the 
base,  must  bring  the  forepart  of  its  head  in  contact  with  the 
stio-ma  and  be  smeared  with  the  sticky  secretion.  The  eight 
anthers  lie  in  a  circle  close  around  the  style,  a  little  way  above  the 
stio-ma  (in  the  inverted  position  of  the  flower);  each  possesses  two 
loner  sharp,  divergent  processes,  which  reacb  to  the  sides  oi  the 
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corolla.  A  honey-seeking  insect,  immediately  after  touching  the 
stigma,  brings  its  proboscis  in  contact  with  some  of  these  append- 
ages, whereupon  a  shower  of  dry,  dusty  pollen  is  shed  from  the 
holes  in  the  anthers  on  to  the  forepart  of  the  insect's  head. 

In  absence  of  insects,  self-fertilisation  may  take  place,  as  part  of 
the  pollen  always  falls  upon  the  edge  of  the  stigma  and  remains 
adherent  there.    Humble-bees  are  the  chief  fertilising  agents. 
This  species  was  described  by  Dr.  Ogle  in  No.  633. 

A.  Hyinenoptera — Ajpida:  (1)  Bombus  senilis,  Sm.  2^6  (14 — 15)  ;  (2) 
B.  silvarum,  L.  ?  ?  (10—14)  ;  (3)  B.  agrorum,  F.  ?  $  (10—15) ;  (4)  B. 
Bajellus,  111.  $  (10—11)  ;  (5)  B.  terrestris,  L.  ?  (7—9),  all  very  ab.,  banging 
to  the  corolla  back  downwards  ;  (6)  Nomada  Solidaginis,  Pz.  £ ,  I  saw  this 
insect  once,  apparently  trying  in  vain  to  reach  tbe  boney  ;  (7)  Apis  mellifica, 
L.  5 ,  is  scarcely  able  to  reacb  the  base  of  tbe  flower  legitimately,  as  its 
proboscis  is  only  6  mm.  long.  It  is  a  very  abundant  visitor  of  Erica  tdralix, 
but  usually  bites  through  the  corolla,  about  midway.  On  Oct.  15,  1871, 
I  saw  numerous  honey-bees  sucking  normally.  I  omitted  to  observe  whether 
these  late  flowers  were  a  little  smaller  than  those  of  summer  ;  if  so  they  would 
exactly  suit  the  honey-bee.  B.  Diptera— Syrphidce :  (8)  Volucella  bombylans, 
L.  (7—8),  ab.,  s.  ;  (9)  V.  plumata,  L.  freq.,  s.  ;  (10)  V.  hsemarrhoidalis,  Zett., 
scarce,  s.    C.  Lepidoptera — Noctuce :  (11)  Plusia  gamma,  L.,  s. 

El  'icct  cinerect,  L.,  the  fine-leaved  heath,  agrees  in  the  structure 
of  its  flower  with  E.  tetralix,  according  to  Dr.  Ogle  (633). 

Erica  carnea,  L. — This  species  is  adapted  by  the  colour  and 
size  of  its  flowers  to  butterflies,  which  alone  (e.g.  V.  cardui)  visit 
it  in  abundance,  and  effect  cross-fertilisation.  The  sepals  and 
petals  vary  from  bright  pink  to  crimson,  and  the  peduncles  are 
still  more  intensely  coloured.  The  flower  narrows  so  much  towards 
its  mouth  that  the  entrance  is  blocked  by  the  anthers,  and  just 
admits  the  thin  proboscis  of  a  butterfly,  which  cannot  avoid  touching- 
first  the  stigma  and  then  the  anthers,  and  so  performing  cross- 
fertilisation.  I  have  seen  Bombus  terrestris  making  great  but 
ineffectual  efforts  to  insert  its  proboscis  into  the  flower.  The 
inverted  position  of  the  flower  is  somewhat  inconvenient  for  butter- 
flies, and  causes  them  delay.  We  may  suppose  that  the  ancestors 
of  Erica  carnea  grew  where  bees  were  more  plentiful  and  butter- 
flies less  so,  and  that  the  flowers  were  first  adapted  for  bees, 
as  almost  all  other  inverted,  bell-shaped  flowers  are ;  and  that 
they  acquired  their  present  colour  and  form  under  the  influence 
of  Lepidoptera,  which  preponderate  so  conspicuously  in  the  Alps 
(609). 

287.  Calluna  VULGARIS,  L.— The  bell-shaped  corolla  is  2  to 
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3  mm.  Jong,  and  cleft  into  four  lobes  to  near  its  base.  Honey 
is  secreted  by  eigbt  blackisb  glands  in  tbe  base  of  the  flower, 
alternating  with  the  stamens,  and  is  easily  accessible  to  short- 
1  i  |  >ped  insects.    What  the  plant  loses  in  attractiveness  by  the  small 


Fig.  123.—  Erica  camea,  L. 

A.  — Bud  for  next  year,  inclosed  in  the  calyx  (  x  7). 

B.  — Ditto,  after  removal  of  two  sepals.  .  . -  . 

O  — Ditto,  after  removal  of  the  whole  calyx  and  half  the  corolla.    Three  of  the  eight  .stamens 

have  been  drawn  out  ( x  7).  ■•    o    j.    r.    c    <,«  \ 

D.  — Pollen-tetrads  from  a  hud,  greatly  magnified.    (Bergun,  September  5,  18(6.) 

E.  -Flower,  in  side  view(x  7).  The  flowers  usually  do  not  hang  vertically,  but  only  inclined 
downwards. 

F.  —Ditto,  after  removal  of  half  of  the  stamens  and  corolla. 

G.  — Mouth  of  flower.  ,  .  „  , 

H.  — Essential  organs,  in  their  natural  position  ;  the  stamens  have  sprung  slightly  outwards  on 
removal  of  the  corolla. 

j  —Anthers  ;  inner,  outer,  and  lateral  view. 

(E,  F,  G,  Lenz,  June  1  ;  H,  J,  Bergun,  June  2,  1879). 


size  of  its  corolla,  it  makes  up  by  the  red  colour  and  large  size 
of  the  sepals,  and  by  association  of  the  flowers  in  long,  almost 
uninterrupted  groups.  Calluna  vulgaris  is  visited  by  at  least  as 
many  insects  as  Erica  tetralix,  and  by  a  greater  variety  owing  to 
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the  accessible  position  of  the  honey.  While  in  the  flowers  of  Erica 
tetralix,  which  hang  vertically,  great  regularity  prevails  in  the 
arrangement  of  the  parts,  the  style  occupying  tbe  axis  of  the 
flower,  and  the  anthers  forming  a  circle  symmetrically  round  it  with 
their  orifices  directed  downwards,  in  the  flowers  of  Calhcna,  which 
are  almost  horizontal,  insects  are  liable  to  be  dusted  with  pollen 
from  above,  as  the  style  and  stamens  curve  upwards  and  permit  the 
insect  to  reach  the  honey  only  by  way  of  the  lower  half  of  the 
flower. 

The  larger  bees,  such  as  hive-bees  and  humble-bees,  clinging 
with  forelegs  and  midlegs  to  tbe  outer  side  of  the  flower,  weigh 
it  down  into  the  vertical  position  ;  then,  hanging  on  below,  they 
suck  the  honey  and  dust  themselves  with  pollen,  which  would  be 
sprinkled  on  them  just  as  well  and  just  in  the  same  manner  if  the 


Fig.  124.— Calluna  vulgaris,  L. 

1.  — Old  flower,  seen  from  almost  straight  in  front. 

2.  — Younger  flower,  after  removal  of  half  of  the  calyx  anil  corolla, 

3.  — A  stamen. 

o,  sepal;  6,  corolla;  c,  appendages  of  anthers  ;  d,  nectaries;  e,  anther-orifice;  /,  filament 


style  and  stamens  were  central  as  in  E.  tetralix.  But  the  smaller 
bees  and  flies  thrust  head  or  proboscis  from  the  front  into  the 
flower,  and  the  upward  curvature  of  the  style  and  stamens  causes 
the  insect  to  enter  by  the  lower  half  of  the  flower,  and  so  to  get 
dusted  with  pollen  from  above. 

As  the  bud  opens,  the  anthers  dehisce,  and  their  appendages 
winch  are  set  with  squarrose  hairs,  diverge  so  far  outwards  that 
they  cannot  fail  to  be  touched  by  the  proboscis  of  any  insect-visitor 
and  then,  as  the  shock  is  communicated  to  the  anthers,  the  pollen 
is  shaken  out.  The  style,  which  even  in  the  bud  overtops  the 
stamens,  grows  very  markedly  after  the  flower  opens,  as  the  flower 
Ltself  does  (cf.  1  and  2,  Fig.  124).  As  a  rule,  it  attains  its  full  length 
only  after  the  anthers  have  completely  shed  their  pollen,  at  whirl, 
time  also  the  four-lobed  stigma  reaches  its  full  development-  but 
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the  stigma,,  even  when  the  flower  first  opens,  is  capable  of  causing 
pollen-grains  to  adhere  to  it,  and  is  not  rarely  found  dusted  with 
pollen  at  that  period.  Thus  cross-fertilisation  is  insured  rather 
by  the  position  of  the  stigma  in  advance  of  the  anthers  than, 
as  Severin  Axell  supposes,  by  proterandrous  dichogamy.  Self- 
fertilisation  does  not  occur. 

A.  Hymenoptera — (a)  Apiilm  :  (1)  Apis  mellifica,  L.  !J  ,  very  ab.,  sucking 
only  ;  (2)  Bombus  terrestris,  L.  $  §  £ ,  s.  (as  late  as  Oct,  14)  ;  (3)  Dipliysis 
serratulse,  Pz.  ? ,  s.  ;  (4)  Saropocla  biniaculata,  Pz.  ? ,  s.,  with  pollen  of 
Calluna  among  its  collecting-bairs  ;  (5)  Andrena  fulvicrus,  K.  $ ,  s.  ;  (6)  A. 
f uscipes,  K.  2  6,  s-  5  00  A.  dorsata,  K.  ?  ;  (8)  A.  parvula,  K.  $  ;  (9)  A. 
similliina,  Sm.  $  <$ ,  the  last  three  s.  and  c.p. ;  (b)  Vespidce:  (10)  Vespa 
holsatica,  F.  ?  ,  s.  B.  Diptera — Syrphidm  :  (11)  Chrysotoxuin  octomaculatum, 
Curt.  ;  (12)  Melitlireptus  scriptus,  L.  ;  (13)  Syritta  pipiens,  L. ;  (14)  Seri- 
coniyia  borealis,  Fallen  (Thuringia)  ;  (15)  Cheilosia  scutellnta,  Fallen ;  (16) 
Syrphus  sp.,  all  sucking.  C.  Thysanoptera — (17)  Numerous  species  of  Thrips. 
See  also  No.  590,  ni. 

Treviranus'  general  assertion  (742)  that  Ericaceae  fertilise  them- 
selves before  the  flower  opens  needs  no  further  contradiction  after 
the  foregoing  examples. 

Tribe  Iihodorece. 

Loiscleuria  {Azalea)  prommbois,  L. — While  the  higher  passes  of 
the  Alps  are  still  covered  Avith  snow  under  the  hot  J une  sun,  the 
projecting  hillocks  are  carpeted  with  the  red  or  crimson  flowers  of 
Loiseleuria.  Numerous  flies,  humble-bees,  and  Lepidoptera  fly 
from  one  tuft  to  another  over  the  snow  in  search  of  honey,  and  as  the 
flowers  are  proterogynous,  cross-fertilisation  takes  place  regularly 

(609).1  . 

Kalmia. — The  striking  peculiarity  of  this  genus, — viz.  that 
the  anthers  are  held  fast  in  pouches  of  the  corolla,  until  an  insect- 
visitor  touches  the  elastic,  outwardly-bent  filaments,  setting  them 
free  and  letting  them  return  to  their  erect  position, — was  described 
in  the  case  of  iT.  latifolia,  L.,  (K.  polifolia,  Wngnham.Jby  Sprengel, 
but  was  explained  by  him  as  a  contrivance  for  self-fertilisation. 
Dr.  Hasskarl  seems  even  to  suppose  that  this  beautiful  mechanism 
simply  serves  for  spontaneous  self-fertilisation  ;  for  he  says  nothing 
about  the  action  of  insects,  and  declares  that  the  stamens  release 
themselves  spontaneously  and  effect  self-fertilisation  (3 1 3). 

1  In  Die  AlpcnUumcn  the  figure  of  this  flowei  has  been  accidentally  assigned  to 
Empebrum  nigrum  (fig.  67). 
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Delpino  and  Hildebrand  on  the  contrary,  point  out  rightly  that 
the  floral  mechanism  of  Kalmia  leads  to  cross-fertilisation  in  case 
of  insect-visits ;  they  both  maintain,  in  opposition  to  Hasskarl,  that 
in  K.  latifolia  the  anthers  cannot  spontaneously  release  themselves 
from  their  pouches.  According  to  Delpino,  the  filaments  are  sticky 
at  the  base  in  this  species,  so  that  they  cling  to  an  insect  which 
has  inserted  its  head  into  the  flower,  and  are  pulled  up  by  it  when 
it  leaves  (178,  360). 

The  fertilisation  of  K.  angustifolia  and  K.  latifolia  by  the  hive-bee 
and  other  Hymenoptera,  had  been  observed  and  described  two  years 


Fig.  125. — Loiseleuria  procumiens,  L. 


l-MlRlS*™5  °™""e,r  *-  T,«  *»  »  "to.  «.  Mta.  .01.  OM 

jfcSKssass  ar  vsasMsayttsS'  sun-,  * 

(Kluela,  Alpenroso,  June  22,  23,  1879). 

before  by  Professor  W.  J.  Beal.  The  insect  alights  on  the  style  and 
turning  round  upon  it,  applies  its  proboscis  successively  to  the 
outer  sides  of  the  filaments  to  obtain  the  honey  which  is  secreted 
here  abundantly  In  doing  so,  it  sets  free  the  stamens  with  its 
iegs,  and  generally  receives  the  charge  of  pollen  upon  its  body 
If  insects  are  excluded  from  the  plant  by  means  of  a  net,  the 
flowers  wither  and  fall  off  without  the  stamens  being  set  free 
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Only  lu  re  and  there  are  anthers  found  to  have  escaped  from  their 
pouches  (Professor  W.  J.  Beal,  No.  41,  and  J.  T.  Rothrock,  No. 
676). 

Rhododendron  ferrugineum,  L.,  was  found  by  Ricca  to  be 
proterandrous,  and  visited  by  humble-bees  at  a  height  of  over 
7,000  feet  (665).  The  position  of  the  honey  causes  an  insect- 
visitor  to  pass  towards  it  by  way  of  the  upper  half  of  the  horizontal 
flower,  and  as  the  stamens  and  style  curve  upwards,  they  come  in 
contact  with  the  ventral  surface  of  the  insect.  In  the  first  stage 
the  style  is  shorter  than  the  stamens  and  the  stigma  is  immature  ; 
the  anthers  dehisce  apically  by  means  of  two  orifices.  Afterwards 
when  the  pollen  has  usually  been  all  carried  away,  the  style  elongates 
to  its  full  length  and  the  stigma  attains  its  full  development ;  but 
the  latter  is  still  slightly  overtopped  and  almost  touched  by  the 
tallest  anthers,  and  in  absence  of  insects  it  must  frequently  come 
in  contact  with  the  pollen.  Whether  such  self-fertilisation  is  effective 
is  unknown  (609). 

Rhododendron  Rhodorce,  Don.  (Rhodora  canadensis,  L.) — The 
floral  mechanism  is  described  by  Hildebrand  (367). 

Tribe  Pyroleoe. 

Pyrola  uniflora,  L.,  and  P.  rotundifolia,  L.— These  species  are 
probably  cross-fertilised  by  short-lipped  insects,  which  may  be  seen 
applying  their  mouths  to  the  moist  stigma  and  the  orifices  of  the 
anthers.  I  have  directly  observed  cross-fertilisation  performed  in 
this  way  in  the  case  of  Pyrola  minor,  L.  (No.  609,  figs.  149,  150). 

Eugene  Warming  found  flowers  of  different  forms  and  sizes  on 
P.  minor.  He  observed  a  plentiful  secretion  of  honey  in  the  case 
of  P.  seeunda  (762). 

Oed.  EPACRIDEJZ. 
Epacris.—Del^mo  found  one  species  to  be  proterogynous  (178). 


Oed.  PLUMBAGINE/E. 

Some  Brazilian  species  of  Plumbago  and  Statice  are  dimorphic, 
according  to  Fritz  Midler  (550). 

Armeria,  according  to  Treviranus,  is  self-fertilising.  As  the 
anthers  dehisce,  the  filaments  curve  inwards,  bringing  the  anthers 
immediately  above  the  depressed  centre  of  the  stigma,  on  which 
they  shed  their  pollen  (742)- 
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Oed.  FRIMULACEjE. 


The  species  of  Primula  have  been  the  subject  of  a  series  of 
interesting  researches  since  Darwin  first  led  the  way.  In  his  paper 
"  On  the  two  forms  or  dimorphic  condition  in  the  species  of  Primula 
and  on  their  remarkable  sexual  relations"  (No.  154),  he  showed 
that  in  P.  veris  the  stigma  in  the  long-styled  form  possesses  papillae 
three  times  as  long  as  those  of  the  short-styled  form  ;  and  that  the 
pollen-grams  of  the  long  stamens  are  half  as  large  again  as  those 
of  the  short ;  that  the  same  holds  good  of  P.  Auricula  and  P.  sinensis  ■ 
that  these  Primulas  are  very  unproductive  in  absence  of  insects'1 
but  fully  productive  when  artificially  fertilised  or  when  insects 
have  access  to  them;  and  that  in  artificial  fertilisation  legitimate* 
crossings  gave  a  yield  half  as  great  again  as  illegitimate 

Hildebrand  repeated  Darwin's  experiments  on  P.  sinensis,  and 
obtained  almost  identical  results.  He  performed  the  additional 
experiment  of  fertilising  flowers  of  each  kind  with  their  own  pollen 
and  found  that  this  was  the  least  productive  of  all  ways  Also 
Hildebrand  sowed  the  seeds  which  resulted  from  the  various  modes 
of  fertilisation  and  showed  that  the  union  of  two  longed 
flowers  produced  mainly  long-styled  plants,  and  the  union°of  two 
short-styled  flowers  produced  mainly  short-styled  plants  •  whilp 

£S  Ttrl the  two  k;nds  of   s  VodutT:^ 

consisting  of  both  forms  m  tolerably  equal  numbers  (No.  340, 

Treviranus  had  already  (No.  742,  1863),  added  P.  farinosa  P 
inllosa  and IP  minima  to  Darwin's  list  of  dimorphic  species  1^' 

unproductive  when  fertilised  with  its  own  pollen  ' 

j  dCSmbeS  R  All.,  as  homomorphVc-  and  proter- 

™  t^Zi^ asVSZe^r8'!  tl7  f°™  of  P.  rtWufc 

absolutely  barren.  P'«»ucUve  as  thc  short-styled.    Hildebrand  found  both 

^fertilisation  of  either  form  with  pollen  from  the  other  form. 
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androus,  the  style  beiDg  long  and  exserted,  and  the  anthers  standing 
in  the  mouth  of  the  long  tube  (665). 

Darwin  compared  the  productiveness  of  legitimate  and  illegi- 
timate crossings  in  Primula  veris,  P.  elatior,  Jacq.,  P.  vulgaris,  P. 
sinensis ;  Hildebrand  in  P.  sinensis  and  P.  Auricula ;  Scott  in  P. 
silclcimensis,  P.  cortusioides,  P.  involucrata,  and  P.  farinosa  (167). 

According  to  Darwin,  the  common  Oxlip  is  a  natural  hybrid 
between  the  primrose  and  cowslip,  while  the  Bardfield  Oxlip 
(P.  elatior,  Jacq.)  is  a  good  (heterostyled)  species  (161,  167). 

288.  Primula  elatior,  Jacq. — Honey  is  secreted  by  the  base 
of  the  ovary.  In  the  short-styled  flowers  the  tube  is  15  to  17  mm. 
long,  and  begins  to  widen  at  a  height  of  12  to  13  mm. ;  the  stigma 
stands  in  the  middle  of  the  tube  and  the  anthers  in  the  wide 
entrance.  In  the  long-styled  form  the  tube  is  12  to  14  mm.  long, 
and  begins  to  widen  out  at  a  height  of  4  to  5  mm. ;  in  the  middle 
of  the  tube,  at  the  base  of  the  expanded  portion  stand  the 
anthers,  and  the  stigma  stands  at  or  a  little  above  the  mouth  of 
the  tube.  Humble-bees  can  insert  their  heads  (5  mm.  long) 
wholly  into  the  tube,  and  so  require  a  proboscis  at  least  12  mm. 
long  to  extract  the  honey  from  the  longest  flowers,  and  one  at 
least  7  mm.  long  to  do  so  in  the  shortest.  As  in  Pulmonaria, 
the  bee,  if  it  gains  the  honey  in  the  ordinary  manner  and  not  by 
biting  a  hole  through  the  tube,  must  touch  the  organs  which 
stand  in  the  mouth  of  the.  flower  with  its  head,  and  those  in  the 
middle  of  the  tube  with  its  maxillse  ;  and  so,  passing  from  flower  to 
flower,  it  effects  legitimate  cross-fertilisation.  Pollen-collecting  bees 
are  only  able  to  secure  their  pollen  in  the  short-styled  flowers; 
they  learn  to  recognise  the  long-styled  plants  at  -a  distance  and 
to  avoid  them,  and  then  never  perform  cross-fertilisation  but  very 
often  self-fertilisation. 

Visitors  :  A.  Hymenoptera— Apidcc  :  (1)  Bonibus  liortorum,  L.  2  $  (18-21), 
sucking  normally,  s.  and  c.p.,veryab.  ;  (2)  B.  silvarum,  L.  2  (12-14)  sucking 
normally  ;  (3)  B.  lapidarius,  L.  $  (12-14),  do.  ;  (4)  B.  confusus,  Schenck,  2 
(12—14)  do  •  (5)  B.  terrestris,  L.  (7—9),  makes  a  bole  m  the  corolla-tube,  a 
little  above  the  calyx,  sometimes  biting  it  with  its  mandibles,  sometimes 
mercin*  it  with  its  maxillse,  and  so  reaching  the  honey  with  Us  tongue  (1  have 
sometimes  seen  this  bee,  before  boring  the  flower,  make  several  attempts  0 
reach  the  honey  in  the  legitimate  way,-this  observation  is  0  interest  a 
proving  that  the  be  is  not  guided  by  instinct  to  the  plant  adapted  for  it,  but 
£S  it  makes  experiments,  and  gets  its  honey  where  and  howil  can  ;  6 :  Ou» 
r  t  ±  n— 8)  ■  (7)  Apis  mellifica,  L.  I  saw  both  oi  tnes<  specie? 
til  LI  So  In*  flow,-  1          d  1-  ft.         I  R 
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Aathophora  pilipes,  F.  ?  J  (19-21),  sucking  normally  and  c.p.,  very  ah.  ;  (9) 
Andrena  Gwynana,  K.  ?  (2-i),  c.p.  on  the  short-styled  form,  ah.  It  holds  the 
authors  m  the  mouth  of  the  never  with  its  forefeet,  hites  the  pollen  loose  with 
its i  mandibles  and  sweeps  it  with  the  tarsal  l.rushes  of  the  midlegs  into  the 
collect iu-hairs  of  the  hindlegs.  It.  visits  the  Ion-styled  form  also,  brut  flies 
away  immediately;  not,  however,  without  performing  cross-fertilisation  in  the 
momentary  visit.  I  have  never  seen  a  pollen-collecting  humble-bee  alight  on 
a  long-styled  flower  ;  it  seems  to  recognise  them  at  some  distance  and  to  avoid 
mem.    B.  DipteTa—Bombylidce:  (10)  Bombylius  discolor,  Mgn  (11-19) 

to  Jeach  Ihl  f"  maj°r'aLn{\0)'  ^  1688  ^  pr°bab^  in  D,ost  cases  u^ble 
to  reach  the  honey.    C.  Goleoptem-Staphjlinidcc :  (12)  Oinalium  florale  Pk 
ab,  creepmg  about  in  the  flowers.    See  also  No.  590,  m 


Fig.  128.— 2  rimula  integrifolia,  L 

Primula  officinalis,  Jacq.  (P   veris   T  ,  .  .,     _  v 
structure  of  the  flower  resembles  ZfofP      r  Cow18llP--The 

c  c 
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are  all  adapted  for  Lepidoptera  by  their  colour  and  by  the  narrowing 
of  the  mouth  of  the  tube. 

All  these  species,  with  the  exception  of  P.  long  {flora,  are  hetero- 
styled  (609). 

Primula  farinosa  occurs  both  on  the  Alps  and  in  North 
Germany,  and  probably  owes  this  wide  distribution  to  the  mild 
climate  succeeding  the  Glacial  period.  On  the  Alps,  Avhere  it  is 
visited  by  Lepidoptera  in  great  numbers  (I  have  noted  forty-eight 
species),  the  entrance  of  the  flower  is  distinctly  narrower  than  in 
North  Germany,  where  Lepidoptera  are  less  plentiful  and  where 
the  plant  has  probably  to  depend  on  the  visits  of  bees  (609). 

Primula  longifiora  is  homostylic,  and  adapted  by  its  long  narrow 
tube  for  Lepidoptera.  The  tube  is  16  to  24  mm.  long,  and  the 
honey  is,  therefore,  accessible  only  to  Ifacroglossa  stellatarum  (25  to 
28)  and  to  DeilejMla  euphorbia  (25  mm.)  among  all  the  Alpine 
Lepidoptera. 

289.  Hottonia  palustris,  L.— The  flowers  are  dimorphic. 
Honey  is  secreted  by  the  ovary.    In  both  kinds  of  flowers,  the  tube 


Fir..  127.— Hottonia  palustris,  Tj. 

X  —Long-styled  flower. 
2.— Its  stigniatic  papillae. 
8.— Short-styled  flower 

4._Its  stigmntic  papilla,  on  the  same  scale  as  .. 

is  4  to  5  mm.  long,  the  organs  of  one  sex  standing  in  its  entrance 
and  those  of  the  other  projecting  3  to  4  mm.  beyond  In  the 
Zip  state  the  pollen-grains  of  the  long-styled  to ^  » 
legitimate  crossing  have  to  traverse  a  style  4  to  ^ 
spherules  'Oil  to  -014  mm.  in  diameter ;  those  of  the  short  stj 
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form  (which  in  legitimate  fertilisation  traverse  a  style  7  to  9  mm. 
long)  are  spherules  '018  to  -023  mm.  in  diameter. 

The  stigma  in  the  long-styled  form,  which  has  to  receive  the 
larger  pollen-grains,  may  be  seen  with  a  simple  lens  to  be  rough 
and  velvety ;  its  papillaa  are  very  much  larger  than  those  on  the 
stigma  m  the  short-styled  form,  which  appears  fairly  smooth  under 
a  lens  (cf.  Fig.  127,  1,  2). 

Insects  in  sucking  the  honey  touch  organs  of  equal  height  with 
the  same  parts  of  their  bodies,  and  so  effect  legitimate  cross- 
iertihsation  regularly.    Pollen-seeking  insects  have  no  need  to 
thrust  their  heads  into  the  flower  in  the  short-styled  form  and 
hence  do  not  come  in  contact  with  its  stigma  ;  they  come  in  contact 
with  the  stigma  in  long-styled  flowers,  into  which  they  have  to 
thrust  their  heads  to  reach  the  pollen.    In  visiting  several  long- 
styled  flowers  consecutively  they  must  as  a  rule  bring  aboSt 
.legitimate  crossing.    Probably  the  much  greater  productiveness 
of  illegitimate  crossings  in  the  case  of  long-styled  than  in  short- 
s^d  flowers  (vide  next  table)  is  due  to  the  fact  that  the  former 
kmd  of  legitimate  crossings  occur  frequently  in  nature  while  the 
latter  do  not  and  that  the  former  alone,  therefore,  are  of  use  in 
reproducing  the  plant.  ,       ui  use  m 

~7L^TK  of  th,e  dimorpI,ism  of  th!s  p'mt.  ■»» 

auspectea  tnat  it  had  some  unknown  niirnnQO     rr^    •  , 
occurs  with  cleistogamic  flowers  (i 67)  P  P 

expe*mentsntharDarrfTe,d  ?  pMs  ^  -™ 

obLu«l  ae!  se  Z  result  ti ff  ,"^tU*ed  °D  »d 
crossings  are  C^^^"  «  ^teroruorphic 

^etVhlriwL8!7;  1  «  Sc°«'s  on 
the  following  results!!!  ^  ^  °f  Mter  in  ^  with 


C  C  2 


38S 


THE  FE UTILISATION  (  )K  FLOWERS.       [part  in. 


s-a 

tn 
'O 

O  os 

Flowers  which 
were  artificially 

fertilised. 

Flowers,  by  the 
pollen  of  which 

the  flowers 
were  fertilised. 

Number  of 
capsules. 

Number  of 
seeds. 

Average  nr 
ber  of  seeds 
a  capsule. 

Number  of 
weighed  see 

Total  weigh 
seeds  in 
milLegraimr 

la.* 
b* 

2n. 
b. 
c. 


3a. 

b. 
4a. 

b. 


5. 
ba. 
b. 


i  a. 
b. 


fa. 
b. 


A. — Legitimate  Crossings. 


Long-styled  ... 
Short-styled ... 

B.- 

Long-styled  ... 
Short-styled  ... 


Long-styled 


Short-styled .. 


14 

1323 

94 -8 

1323 

104 

0  078 

20 

17«6 

89  .3 

14 

861 

01 '5 

861 

317 

0  040 

6 

632 

10)  3 

632 

27-8 

0  043 

10 

495 

49  5 

Crossings  of  separate  Plants. 

11 

764 

69-4 

764 

58-7 

0  076 

r 

632 

90-3 

532 

337 

0-063 

7 

11S 

17-8 

118 

151 

0  117 

12 

233 

19'8 

133 

17  9 

0129 

C. — Crossings  betwken  Flowers  of  the  same  Plant. 


Long-styled  ... 
Short-styled  ... 


Long-styled  ...  I  An  unfortunate  accident  spoilt  the  results. 
Short-styled...       15     I   134     I     9  I 
— ■  17  5  0-3 


D. — Stigma  Fertilised  with  Pollen  of  the  same  Flower. 


Long-styled 


Short-styled ... 


Long-styled 


Short-styled  . 


11 

226 

20  5 

16 

199 

12 

(3S  very 

small.) 

13 

68 

52 

68 

9-6 

17 

128 

7-5 

0141 


*  a,  6,  c,  indicate  different  individual  plants. 


Although  these  observations  are  in  some  places  defective,  they 
illustrate  well  on  the  whole  Darwin's  law  that  in  heterostyled 
plants  legitimate  crossings  are  the  most  fruitful. 

Also  the  preceding  table  shows  clearly  that  self-fertilisation 
and  the  crossing  of  flowers  on  the  same  plant  are  much  less 
productive  even  than  illegitimate  crossings  of  flowers  on  different 
plants.  And  of  very  special  interest  is  the  fact,  brought  out  by  my 
experiments,  that  in  Hottonia  palustris  illegitimate  crossing  between 
different  plants  of  the  long-styled  form  is  just  as  productive  as  the 
legitimate  crossings  are.1 

I  have  shown  above  that  this  kind  of  illegitimate  crossing  is  to 
a  great  extent  performed  by  pollen-feeding  flies.  If  we  suppose 
that  the  superior  effect  of  legitimate  crossing  in  other  dimorphic 
and  trimorphic  plants  results  from  their  being  exclusively  or  almost 
exclusively  fertilised  legitimately  in  a  state  of  nature,  and  that 
other  ways  of  fertilisation  from  long  disuse  may  and  do  become 

i  This  result  is  arrived  at  by  comparing  16  and  2b  in  the  foregoing  table  ;  if,  on 
fhfi  othei  hand  as  Darwin  rightly  insists  (No.  167,  chap,  i.),  we  add  the  number  oi 
eeda  from all  th  e Capsules  produced  by  the*  two  modes  of  fertilisation  we  _ obtain  as 
the  mean  number  in  the  long-styled  capsules,  after  legxtamate  fertilisation,  91  i, 
after  illegitimate,  77"5,  or  in  the  proportion  of  1«0  to  85. 
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inoperative.,  we  can  easily  comprehend  how  in  Eottonia  palustris 
application  of  pollen  from  a  long-styled  flower  to  a  long-styled 
stigma  on  another  plant  has  retained  its  full  efficiency.1 

Androsacc  Viialiana,  K.S.,  is  dimorphic  (Treviranus,  No.  742 ; 
Darwin,  No.  167). 

The  Alpine  species  of  Androsace  (A.  septentrionalis,  L.,  A 
Chamcejasme,  Host.,  A.  oltusifolia,  AH.,  etc.)  are  homogamic, '  and 
visited  chiefly  by  Diptera,  but  to  some  extent  by  Lepidoptera  and 
small  bees ;  in  absence  of  insects  they  are  self-fertilised  (No  60a 
figs.  140,  141).  v     '  y> 

Species  of  Cortusa  fertilise  themselves,  according  to  Treviranus, 
by  the  style  bending  back  towards  the  anthers  (742). 

Dionysia,  Fenzl.,  is  dimorphic  according  to  Kuhn  (399). 

The  Alpine  species  of  Soldanella  are  adapted  for  bees  bv  the 
pendulous  or  inclined  bell-shaped  flower,  the  lilac  or  violet  colour 
the  position  of  the  anthers  close  around  the  style,  and  the  more 
or  less  complete  protection  of  the  honey  from  small  insects  by 
means  of  the  anthers  and  appendages  of  the  corolla  (609  •  fi^s 
140-148).  ^    7     6  ■ 


290  Lysimachia  vulgaris,  L.-The  following  varieties  of 
this  plant  occur  near  Lippstadt :  (a)  on  sunny  embankments  a 
conspcuous  form  which  is  never  or  only  rarely  self-fertilised   (  )in 
shady  hollows,  a  less  conspicuous  form  which   fertilises  itself 
egularly    (C)  transition  forms  in  spots  intermediate  in  chlrac  e 
f  °n        bank*  of  di^es  exposed  to  the  sun.    In  the  f orm  S 
the  petals  are  dark-yellow,  red  at  the  base,  recurved  eZZ  Zi 
widely  about  12  mm.  long  and  6  inn,  broad  on  an  averse  and 
the  filaments  are  red  near  the  end  •  ih»       1         avera£e>  and 
miUhnetres,  beyond  the  talle a   he'rs  s    Z  1",  ^ 
visits,  cross-fertilisation  takes  plaTxeLtriv  Z        I  '^K 
insects,  self-fertilisation  oanno/ea  loZur !T  ?f 
light-yellow  and  of  one  colour  throulouTTn       Y  V' !*  "M 

the  style Vof  &  ^T^^^^^.'^^ 
stamens,  so  that  in  absence  of  insects  Z  ^ 
cccnrs.  (.)  The  intermediate  forms  dSVof^  ter  (1)  byT 


such  as  that  of 


fifc^  other  cases,  . 

rrom  another  lo ng-styled  flower  Zth S i)   f      7,"  qUlte  ""Productive  with 
-  regularly  conveyed  to fthe  stigma  (No. iliA^y?"  1,osition  of  the  it 


390 


THE  FERTILISATION  QF  FLOWERS.  [part 


red  colour  of  the  filaments,  or  (2)  by  the  larger  size  of  the  petals, 
or  (3)  in  both  characters  together,  or  in  addition  (4)  by  a  slight 
red  colouring  in  the  base  of  the  corolla,  or  still  further  (5)  by  a 
slight  extension  of  the  style  beyond  the  longer  stamens.  All  such 
intermediate  stages  between  the  extreme  forms  occur  in  the  same 
localities,  and  not  unfrequently  even  on  the  same  plant. 

These  forms  of  Lysimacliia- vulgaris  form  another  illustration 
of  the  law,  exemplified  in  so  many  previous  cases,  that  while  it  is 
of  advantage  to  the  plant  when  sure  of  insect-visits  to  be  capable 
of  cross-fertilisation  only,  it  is  above  all  important  that,  where 
insect- visits  are  rare,  the  plant  shall  be  capable  of  reproducing 
itself  by  self-fertilisation. 

I  have  not  discovered  honey  in  any  of  the  forms  of  this  plant. 
The  flowers  are  visited  regularly  and  persistently  by  pollen-seeking 
insects,  and  sometimes  by  honey-seeking  insects  which  fly  away 
after  a  few  vain  attempts  to  find  honey. 

A.  Hymenoptera — -(a)  Apidce:  (I)  Macropis  labiata,  Pz.  $<^,  rather  ab., 
especially  trie  females,  on  the  sunshine- loving  form  of  the  plant.  I  found  the 
females  as  a  rule  only  on  flowers  of  this  plant,  diligently  sweeping  the  flowers 
and  piling  large  masses  of  moistened  pollen  on  their  hind  legs.  I  am  still 
unable  to  decide  where  they  got  the  material  to  moisten  the  pollen  with.  I 
should  suppose  that  they  bored  into  the  succulent  tissue  of  the  flower,  were  it 
not  that  the  mandibles  are  blunt  and  fringed  at  the  end  :  perhaps  the  sharp 
points  at  the  end  of  the  short  blunt  tongue  do  this  work,  which  usually  belongs 
to  the  mandibles.  (2)  Halictus  zonulus,  Sm.  $,  scarce  ;  (3)  Andrena  denticu- 
lata,  K.  scarce;  (b)  Vespidce :  (4)  Odynerus  parietum,  L.  ?,  scarce  (the  last 
three  had  obviously  visited  the  flower  in  the  vain  hope  of  honey).  B.  Diptera 
—Syrphiclca :  (5)  Syritta  pipiens,  L.,  f.p.  on  the  self-fertilised  shade-loving 
form  ;  (6)  Syrphus  balteatus,  Deg.,  f.p. 

Lysimachia  nummidaria,  L.,  is  almost  always  sterile  (Darwin, 
No.  158),  perhaps  because  all  the  examples  in  the  same  neighbour- 
hood come  from  the  same  stock  (cf.  Eug.  Warming,  No.  762). 

Lysimachia  thyrsiflora,  L.,  is  proterogynous  (762). 

Centunculus  minimus,  L.,  is  regularly  self-fertilised,  according 
to  Ascherson  (10) ;  it  could  hardly  be  otherwise,  to  judge  from  the 
inconspicuousness  of  the  flowers. 

Anagallis  arvmsis,  L.,  and  A.  ccendea,  Schreb. — Delpmo 
is  of  opinion  that  A.  cceridea  and  arvmsis  were  originally 
two  forms  of  a  single  dimorphic  species,  which  became  in- 
dependent ("  divorzio  di  due  forme  reunite  originariamente  sovra 
una  pianta  dimorpha;"  No.  172,  p.  45) ;  but  as  yet  this  view  is 
without  proof. 
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The  flo  wers  of  both  species  are  adapted  for  insects  in  a  simple 
and  effective  way,  so  that  cross-fertilisation  in  case  of  insect-visits 
and  self-fertilisation  in  absence  of  insects  are  equally  well  insured. 
During  the  sunniest  hours  of  the  day,  from  about  9  A.M.  to  3  P.M., 
the  petals  (scarlet  in  A.  arvensis,  blue  in  A.  ccerulea),  which  cohere 
only  by  a  ring  at  the  base,  spread  out  almost  to  a  vertical  plane, 
which  has  a  diameter  of  10  to  12  mm.  in  A.  arvensis  and  rather 
less  in  A.  ccerulea;  the  five  stamens  protrude  from  the  centre  of  the 
flower,  and  the  style  projects  between  the  stamens  and  curves 
downwards,  so  that  an  insect  alighting  on  the  lower  part  of  the 
corolla  and  going  towards  the  anthers  comes  first  in  contact  with 
the  stigma.    Stigma  and  anthers,  ripen  simultaneously ;  the  pollen, 


Fig.  128. 
i>"  '-• — Aiwgallia  arvensu,  L. 

1.  — Fully  expanded. 

2.  — Half  closed. 

3>       A.  ctxrulea,  Schrelu 

3.  — Fully  expanded. 

■J  — Tn  section,    (x  3J  ) 
»f,  stigma. 

which  coats  the  anthers  all  round,  is  all  that  the  flowers  offer  to 
msect-vrs,  tors,  unless  perhaps  the  delicate  red  jointed  knZJS 

ahS,:h:h  Id  hteth^T8  °T  ^-Hhthet 
^VriE^Tt  eUh^caTitt  tot^1?  UP°D  ?e 

observation  is  yet  wanting  (L  178,  „!  p  29G).        '        118  to  *******  direct 
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size  (cf.  Fig.  128, 1  and  2).  The  plant,  therefore,  no  longer  attracts 
insects,  but  by  the  closure  of  the  flower  the  stigma  is  drawn 
inwards  and  brought  in  contact  with  the  three  inferior  anthers ;  so 
that  self-fertilisation  results,  unless  insects  have  been  attracted 
during  the  warm  hours  of  the  day  and  have  removed  the  pollen 
from  the  anthers,  at  the  same  time  cross-fertilising  the  stigma. 

I  have  not  yet  observed  insects  visiting  either  species. 

Trientalis  europcea,  L.,  is  proterogynous  and  devoid  of  honey 
(590,  in.). 

Ord.  EBENAGEjE. 

Diospyros  virginiana,  L.,  according  to  Asa  Gray,  is  probably 
androdicecious  (167,  2nd  ed.). 

Obd.  OLEAGEM. 

Species  of  Jasminum,  are  self-fertilised,  according  to  Treviranus 
(742),  the  style  curving  back  towards  the  anthers.  Kuhn  mentions 
Jasminum  as  containing  dimorphic  species  (399). 

Forsythia  is  heterostyled  (Darwin,  No.  167),  but  not  invariably 
so  (590,  III.). 

291.  Syringa  vulgaris,  L. — Honey  is  secreted  by  the  ovary, 
and  occupies  2  to  4  mm.  of  the  tube,  which  is  8  to  10  mm.  long  ; 


Fjg.  129. — Syringa  vulgaris,  L. 

1.  — Flower,  from  the  side,  after  removal  of  half  the  corolla. 

2.  — Ditto,  from  above. 

3.  — Mouth  (>f  the  flower,  immediately  after  its  expansion. 

4.  — Ditto,  somewhat  later. 

«,  sepal ;  p,  petal ;  fi,  riluineiit ;  a,  anther ;  jjo,  pollen  ;  ov,  ovary  ;  st,  stigmn. 


it  is  sheltered  from  rain  by  the  two  stamens,  which  to  a  greal 
extent  fill  up  the  mouth  of  the  tube,  and  the  length  of  the  tube 
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protects  it  from  short-lipped  insects :  it  is  all  the  more  diligently 
sought  therefore  by  insects  whose  proboscis  is  sufficiently  long. 
An  insect  in  inserting  its  proboscis  brings  it  in  contact  first  with 
the  anthers,  which  stand  in  the  mouth  of  the  tube,  and  then  with 
the  stigma,  which  is  lower  down  :  stigma  and  anthers  are  matured 
simultaneously.    If  a  smooth,  dry  needle  be  thrust  into  the  flower, 
it  may  readily  be  seen  that  as  it  enters  no  pollen  sticks  to  it,  and 
as  it  is  withdrawn  pollen  only  adheres  to  it  for  2  to  4  mm.  at  the 
end,  where  it  is  moist  with  honey.    The  same  thing  doubtless 
takes  place  in  the  case  of  honey-sucking  insects,  which  must 
therefore  perform  cross-fertilisation  regularly  ;  while  pollen-feeding 
insects  can  scarcely  ever  effect  cross-fertilisation,  but  must  often 
cause  the  loosened  pollen  to  fall  upon  the  stigma  and  lead  to  self- 
fertilisation.    In  absence  of  insects,  self-fertilisation  always  occurs 
ultimately. 

According  to  Batalin  (38),  there  are  two  cultivated  varieties- 
one  proterandrous,  the  other  proterogynous.  I  have  only  once 
seen  the  proterandrous  variety  ;  all  the  plants  on  which  I  made  my 
observations  were  homogamic. 

Sprengel  never  observed  insects  on  this  plant. 

Visitors  :  A.  Hymenoptera— (a)  Apidce :  (1)  Bombus  lapidarius,  L.  B  0 

''  (2)  B-  terrestris>  L-  9  ?  (7-9)  5  (3)  B.  hortorum,  L.  ?  B 
(18-21),  very  ab.  ;  (4)  Apis  mellifica,  L.  «  (6),  ab.  ;  all  sucking.  (To  judge 
from  the  leugth  of  its  proboscis,  the  honey-bee  can  obtain  only  part  of  the 
honey)  ;  (5)  Eucera  longicornis,  L.  £  (10-12);  (6)  Anthophora  pilipes,  F. 

7  \.  ;  (7)  °Smia  rufa'  L-  ?  (7-9)>  ab->  the  three  l«8t  sucking  ; 
(8)  Halictus  albipes,  F  ?  ;  (b)Vespidce:  (9)  Odynerus  sp.  j  the  two  last  seek 
m  vain  for 'honey.  B.  Diptera-(o)  Bombylidce :  (10)  Bombylius  major,  L. 
(10  ,  b  ;  (b)  Syrphidce  :  (11)  Ehingia  rostrata,  L.  (11-12),  very  ab,  s.  and  f.p.  ; 
(12)  Xylota  segms,  L,  f.p,  after  seeking  in  vain  for  honey  :  (13)  Syritta 

(4-5?f  n  {  )0  fTP-    i14)  Eri8taliS  ******  L->       '  <15>  E  -bulum  L 
(VHV  pP'i  v  ■  LePld°Ptera-(«)  Rhopalocera :  (16)  Papilio  Machaon,  L.  (18) 
7  P.  Podahnus,  L. ;  both  ab.  (Stromberg)  ;  (18)  Vanessa  urtica,  L.  (12),  ab 

el  sassi  fl^kixi9x. (23)  - 

Syringa  persica,  L,  is  gynomonoecious  (605). 

292.  LlGTjSTRUMVULGARE,L.-Honeyis  secreted  by  the  ovary 
and  lies  at  the  base  of  the  tube,  which  is  scarcely  3  mm.  long 
and  expands  above  into  a  four-lobed,  rarely  five-lobed,  limb.  The 

thH^  %,1StmC%bil0bed  stigm^^ituated  at  the  mouth  of 
the  tube.    The  two  (rarely  three)  stamens  arc  matured  simul- 


391  THE  FERTILISATION  OF  FLOWERS.       [past  hi. 

taneously  with  the  stigma,  and  project  from  the  tube  ;  the  anthers 
dehisce  laterally,  but  so  widely,  that  the  whole  of  their  inner 
faces  are  covered  with  pollen.  The  two  anthers  stand  sometimes 
wide  apart  (Fig.  130,  4),  at  other  times  they  bend  inwards  over 
the  stigma  (1,  2)  ;  in  the  former  case,  an  insect's  proboscis  in 
entering  the  flower  first  touches  with  one  side  an  anther,  and 
immediately  afterwards  the  stigma  with  the  opposite  side,  and  so 
passing  from  flower  to  flower  leads  to  cross-fertilisation;  in  the 
latter  case  self-fertilisation  and  cross-fertilisation  may  result  in- 
differently.    Insect-visits  are  very  scarce  by  day ;  perhaps  the 


Fid.  130. — Liyuatrum  vulgarc,  L, 


1.  — Flower,  seen  obliquely  from  above. 

2.  —Ditto,  not  so  far  advanced,  seen  directly  from  above. 

3.  4.—  Flowers,  scon  from  the  side,  after  removal  of  half  the  corolla  (x  3J). 

white,  sweet-scented  flowers  attract  nocturnal  Lepidoptera  in 
greater  numbers.  Flowers  whose  anthers  are  inclined  inwards 
above  the  stigma  always  fertilise  themselves  in  absence  of  insects. 

A.  Hymenoptera — Apidce  :  (1)  Heriades  truncorum,  L.,  s.  (June  27, 1869). 
B.  Diptera— Syrphidce :  (2)  Eristalis  nemoruni,  L.,  s.  (June  21, 1868).  A  further 
list  of  visitors  (four  beetles,  two  flies,  two  bees,  seven  Lepidoptera)  is  given  in 
No.  590,  in. 

Oiid.  APOCYNACEsE 

293.  ViNCA  minor,  L. — The  structure  of  th  e  flower  was 
correctly  described  by  Sprengel,  but  incorrectly  explained,  since 
he  overlooked  here,  as  elsewhere,  the  advantage  of  cross-fertilisa- 
tion. Sprengel  had  found  Thrips,  but  no  other  insect,  in  the 
flower,  and  he  supposed  that  in  creeping  in  and  out  of  the  flower 
it  transferred  pollen  to  the  stigma  of  the  same  flower,  and  that  in 
this  way  alone  fertilisation  was  effected. 

Darwin  ( r 5 3)  gave  the  first  correct  account  of  the  mechan- 
ism of  Vinca,  for  he  recognised  that  a  long  thin  proboscis  in 
passing  into  the  flower  gets  smeared  with  adhesive  matter,  and 
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in  being  drawn  out  carries  with  it  pollen,  which  in  the  next 
flower  is  left  attached  to  the  stigmatic  edge  of  the  disk  which 
terminates  the  style.  And  in  the  case  of  Vinca  major,  which 
Darwin  had  never  seen  visited  by  insects  in  England  nor  bearing 
fruit,  he  obtained  good  seed  by  repeatedly  passing  a  fine  bristle 
down  among  the  stamens  in  six  flowers  on  two  plants,  and  thus 
effecting  both  cross-  and  self-fertilisation.  Another  English  ob- 
server (122A)  was  led  by  Darwin's  account  to  perform  the  same 
experiment  on  Vinca  rosea,  L. ;  he  obtained  good  seed,  thou  gh  he 
had  before  found  the  plant  always  unproductive.  A  third  English 
observer  (636A)  maintained  that  he  had  got  good  seed  from 
Vinca  rosea  when  left  to  itself.    But  Darwin  showed  that  this  last 


Fig.  131.— Vinca  minor,  L. 
Flower,  after  removal  of  the  anterior  part  of  the  corolla. 


the  Btyle  surroVK 

edge ;  *,  ha.rs  upon  the  stigma-disk  which  receive  thVpoulnLnlSs  fi£  A^thOT."'  ^ 


result  was  faulty  as  the  plant  stood  in  a  greenhouse  with  open 
windows,  by  which  moths  might  enter  (153  p  831) 

Delpino,  unaware  of  these  observations,  gave  later  a  full 
account,  agreeing  with  Darwin's,  of  the  mechanism  of  tie  owe 
of  Vinca;  his  description  was  taken  from  V  rosea  in  wllf  7i 
ower  border  of  the  stigmatic  disk  extends  LZZT^ef^ 
of  an  inverted  cup  (m>  pp.  15.17).    jjildebrand  afterwards  Zl 

"of  theT6"'  WhiCVUUStrated  DelPin°'S  accoul  (/sir 
excen n!i  g0mg  °bSerVerS  S6em  t0  W  se*n  any  insects 

V  Sl^itsV"7  ST6S  °f  VinCa>  WhiGh  is  — kabl  a 
r.m%ntn  m  its  season    beginning  of  April  until  w,„^  •  ! 

n  mm.  i„„g  m  v.  „»„,,  tat  insects  can  MsiIy  .nsert  t^Xj; 
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into  the  upper  part  until  the  way  is  barred  immediately  above  the 
anthers  by  hairs  ;  the  two  yellow  nectaries  lying  beside  the  ovary 
are  distant  only  8  mm.  from  this  point. 

A^isitors  :  A.  Hymenoptera— Apidm :  (1)  Bombus  liortorum,  L.  $  (21) ; 
(2)  B.  lapidarius,  L.  ?  (12—14)  ;  (3)  B.  agrorum,  F.  ?  (12-15)  ;  all  three 
very  ab.  (4)  B.  terrestris,  L.  $  (7— 9),  less  ab.  ;  (5)  B.  vestalis,  Fourc.  ?  (12), 
scarce  ;  (6)  Anthophora  pilipes,  F.  ?  $  (19—21),  very  ab.  ;  (7)  Osmia  rufa, 
L.  (7—8).  B.  Diptera— Bombijlidce :  (8)  Bombylius  major,  L.  (10) ;  (9)  B. 
discolor,  Mik.  (11—12),  very  ab.,  the  latter  species  (April  18,  1869)  as  early  as 
7.45  a.m.  All  the  visitors  sucking  normally.  C.  Thysanoptera — (10)  Tbrips, 
ab.    See  also  No.  590,  in. 

294.  VlNCA  major,  L. — I  have  once  seen  Bombus  agrorum, 
F.  9(12 — 15  mm.),  visiting  this  plant ;  it  sucked  numerous  flowers, 
thrusting  its  head  completely  into  the  mouth  of  the  tube. 

Taberncemontana  echinata,  Aubl.,  is  barren  when  fertilised  with 
pollen  of  the  same  flower  or  of  other  flowers  on  the  same  plant,  and 
is  productive  only  when  fertilised  with  pollen  from  another  plant 
(Fritz  Muller,  Mo.  359). 

Apocynum  androscemifolium,  L.,  is  fertilised  by  butterflies,  and 
cements  its  pollen  to  the  insect's  tongue  (Ludwig,  No.  432). 

Apocynum  hypcrieifolium,  Ait.,  has  the  same  arrangement 
(Ludwig,  No.  443). 

Nerium  Oleander,  L.,  and  N.  odorum,  Ait.,  are  adapted  for  long- 
tongued  Lepidoptera  (443). 

In  Bhynchodia  (Bhynchospermum)  jasminoides,  according  to 
Hildebrand,  as  in  Vinca,  the  insect's  proboscis  is  smeared  with 
adhesive  matter  as  it  enters,  and  cemented  to  the  pollen  as  it  is 
withdrawn  (No.  356,  p.  509). 

Oed.  ASCLEPIADEJ4. 

295.  Asclepias  Cornuti,  Dec.  (A.  syriaca,  L.). — The  Asclepia- 
dece  rival  the  Orchids,  if  not  in  the  variety  of  their  forms,  at  least 
in  their  complexity  and  in  their  perfect  adaptation  to  insect-visit- 
ors. Hildebrand  has  so  thoroughly  described  the  way  in  which  A. 
Cornuti  is  fertilised  by  insects  (347),  that  I  have  scarcely  any- 
thing new  to  add  to  his  description ;  yet  it  may  be  well  that  I 
should  illustrate  the  complex  mechanism  by  figures,  and  catalogue 
the  insects  that  effect  fertilisation. 

The  two  ovaries  (a,  14)  are  surrounded  by  a  fleshy  column 
(m,  14,  2,  3,  4)  and  covered  by  a  thick,  fleshy  disk  (;>,  14),  and 
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Fig.  132.— Aaclepias  Comuti,  Dec. 


  wwwmn,  wcu, 

^-mtotVom^e6"  °f  SCPalS        P8tal9'  Vi6Wed  fr0m  ab°™  (X  33)- 
8.— Ditto,  after  removal  of  the  cuculli  (x  7) 
4  — Ditto,  after  removal  of  one  anther 

The  anther  removed  from  Fig.  4,  outer  view. 

6.  — Ditto,  inner  view. 

7.  — A  ouctlllus,  from  the  side  (x  3J) 

8.  — Ditto,  in  section. 

1n~n?ffli"in\  ,nl»ediately  after  extraction,  outer  view  (x  7) 
il~Dlt?o?toner  vfcw  ret'DaCU,a  m°re  mngTlifled'  outer  view- 

''.retinaculum;  «,  pollininm  £  /'i vZl?  „<■  l°4i,Rdj\0ent  ""'''^-wings  ;  p,  corpusculum  ; 
attachment  of  a  ei^ln,  |  0,  ift&SSffigg1,  J  fift&2» ^  *~  °< 
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they  are  only  capable  of  fecundation  at  five  stigmatic  spots  close 
beneath  the  lower  border  of  the  disk  (o,  14,  4).  The  column,  which 
really  consists  of  the  united  staminal  filaments,  bears  at  its  upper 
end  five  anthers.  The  anthers  lie  close  around  the  stigma-disk  ; 
each  of  them  lodges  two  flattened  pollen-masses  (i,  4,  9,  10, 11)  in 
two  pouches  (k,  6),  which  are  open  internally,  and  are  indicated 
externally  by  slight  swellings  (d,  d,  3,  4,  5).  A  thin  membranous 
process  of  the  anther  (c,  5, 14)  rests  upon  the  top  of  the  stigma-disk, 
and  on  each  side  the  anther  is  produced  into  a  triangular  mem- 
branous expansion  (ala  or  anther-wing)  (e,  3,  5,  14),  which  stands 
out  perpendicular  to  the  column  close  to  the  corresponding  process 
of  the  adjacent  anther.  Between  the  two  adjacent  processes 
of  each  pair  of  anthers,  there  is  left  only  a  very  narrow  slit  which 
is  distinctly  wider  at  its  lower  end  (/,  3,  4).  The  slit  leads  into  an 
elongated  space  which  we  may  call  the  stigmatic  chamber  (o,  4,  14) ; 
for  about  the  middle  of  its  vertical  height  the  stigma  is  exposed. 
At  the  upper  end  of  the  slit,  visible  from  the  outside,  is  a  bright, 
black  body  (porpusculiom)  of  regular  shape  {g,  1  to  14),  which  is 
seen  on  closer  examination  to  be  a  thin,  hard,  horny  lamina.  Its 
sides  are  bent  forward  for  its  whole  length  so  that  their  edges  lie 
close  together,  and  in  the  middle  of  its  lower  border  is  a  wedge- 
shaped  slit.  To  this  corpusculum  the  two  adjacent  pollinia  of  two 
neighbouring  anthers  are  attached  by  bands  (retinacula) 1  which 
lie  hidden  beneath  the  anthers  (A,  4,  9,  13). 

The  upper  end  of  the  column  carries,  besides  the  five  anthers, 
five  hollow,  fleshy,  foliar  organs  (cuculli),  which  secrete  a  large 
ipiantity  of  honey ;  they  stand  opposite  to  the  anthers,  and  from 
each  an  incurved  pointed  process  proceeds,  the  upper  extremity  of 
which  rests  upon  the  top  of  the  stigma-disk,  and  lying  on  the 
superior  membranous  process  of  the  anthers  (fi)  keeps  the  whole 
firmly  in  place. 

This  singular  apparatus  acts  in  the  following  way : — 
Insects  (bees,  wasps,  flies)  which  creep  about  the  umbels  in 
search  of  honey,  attracted  by  the  sweet  scent  of  the  flowers,  slip 
upon  the  smooth  parts  of  the  flower  until  a  foot  enters  the  wide 
inferior  part  of  a  slit,  in  which  at  last  it  gets  a  firm  hold.  When 
the  insect  tries  to  draw  its  foot  out  in  order  to  proceed  further, 
the  diverging  claws  are  caught  by  the  apposed  edges  of  the  anther- 
wings,  and  guided  upwards  in  the  slit,  so  that  one  or  other  of  the 
two  claws  is  brought  without  fail  into  the  notch  in  the  lower 
border  of  the  corpusculum  and  there  held  fast.  If  the  insect  now 
1  These  structures  are  not  in  any  sense,  homologous  with  the  retitumila  of  Orchids. 
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draws  its  foot  forcibly  out,  it  brings  with  it  the  corpusculum  (g)  and 
the  two  pollinia  (i)  attached  to  it  by  their  retinacula  (7i).  The 
pollinia  stand  wide  apart  when  they  are  extracted  (9)  ;  but  the 
retinacula  twist  inwards  as  they  dry  (cf.  9,  10,  11)  bringing  the 
pollinia  so  close  together  that  they  may  easily  be  introduced  into 
another  slit.  As  the  insect  moves  on  over  the  umbel,  its  foot  bearing 
the  pollinia  slips  into  the  lower  part  of  a  slit  of  another  flower  ;  and 
this  time  as  the  leg  is  drawn  up  the  pollinia  are  left  in  the  stig- 
matic  chamber  opposite  to  the  stigma,  since  the  slit  is  too  narrow  to 
admit  of  their  further  passage  upwards  ;  and  the  insect,  freeing  its 
foot  by  a  violent  pull  snaps  the  retinacula  and  so  extricates  itself. 
The  pollinia  are  left  behind  in  the  stigmatic  chamber,  while  the 
corpusculum  and  its  broken  retinacula  are  carried  off  still  firmly 
attached  to  the  insect's  foot.  The  insect  continues  its  visits,  and 
the  retinacula  attached  to  its  feet  now  get  fixed  in  corpuscula  as 
the  claws  did  before,  and  an  insect's  foot  after  repeated  visits  may 
sometimes  be  seen  bearing  many  corpuscula  with  their  retinacula, 
often  dichotomously  arranged. 

Delpino  saw  A.  Cornuti  in  Florence  fertilised  in  the  manner 
which  I  have  described  by  Scolia  hortorum,  S.  bicincta,  Apis  mellifica, 
and  Bombv.s  italicus  (172,  352). 

I  have  observed  many  bees,  wasps,  ants,  and  flies,  on  the  flowers 
of  A.  Cornuti  in  Thuringia.    Dr.  Hildebrand  sent  me  a  still  larger 
number  of  insects  with  corpuscula  on  their  claws,  which  he  had 
caught  on  this  plant  at  Freiburg  in  the  first  hot  days  of  Julv 
1870. 

The  following  list  comprises  the  insects  observed  by  Delpino, 
Hildebrand,  and  myself  :— 

(Fl.  =  Florence,  Delpino ;  F.  =  Freiburg,  Hildebrand  ;  Th.  = 
Thunngia,  H.  Muller ;  !  =  with  corpuscula  on  their  claws). 

A.  Hymenoptera-(a)  Apidm :  (1)  Apis  mellifica,  L.  B  !  (Fl ,  Th )  •  (2) 
-Bombns  italicus,  L.  !  (Fl.)  ;  (3)  B  terrest™  T,  fi  ji  /a\  tj  ' 

T   Mim.mlri^    I   i  -       ^rrestris,  -Li-  9  d  :  (-t  •)  !  (4)  B.  hypnorum, 
\!  (   }  'n  (  }  Hallctus  ScabiossB,  111.  ?  !  (F.)  ;  (6)  H.  cylindricus,  F.  Jt  \  (F  )  ■ 
(7)  H.  quadrmnctus,  F.  ?  !  (F.)  ;  (8)  Several  small  species  of  Halictus  (Th  ) 
which  I  never  saw  caught  in  the  slits  ;  (9)  Ccelioxys  sp.  QS\  (F )  •  ao)' 
Btfb. .atemma ft.  5 ,,  {h)  8phegida:        Scolia  ImrtorL,  L.!(F.) 

(12  Sc  bicmcta!  (Fl.)  j  (13)  Sc.  quadripunctata,  F.  9  !  (F )  •  (U)  Ammo 
Phf  sahulosa  L  9  ,  (F.)  •  (15)  Psammophila  affin  s,  K .  9  I  (F.)'j    ) • 
6  Pohstes  gallica,  L.  9  -  (F.,  Th.),  and  var.  diadema  !  (Th.) ;  \i) 

*  ]  h;ave  an      tear  its  leg  off  in  order  to  escape.  B. 

l*  ■  (Th.)  ,  (20)  E.  nemorum,  I,  !  (Th.)  ;  (21)  Melithreptus  scriptus,  L  (Th  )  • 
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(2'2).M.  tamiatus,  Mgu.  (Th.)  ;  both  of  these  obtained  the  honey  without 
getting  caught  in  tire  slits,  (ft)  Muscidas :  (23)  Ocyptera  hrassicaria,  F.  (F.)  ; 
(24)  Lucilia  (Th.)  In  several  flowers  which  I  dissected,  the  corpuscula  and 
pollen  masses  were  still  in  their  places,  though  pollinia,  which  must  have 
come  from  other  flowers,  had  been  inserted  into  the  stigmatic  chambers. 

The  following  additional  list  is  taken  from  my  Weitere 
Beobachtungen,  III.  p.  CI.  The  insects  were  for  the  most  part 
observed  in  my  garden  in  July. 

A.  Diptera— Empidce  :  Empis  livida,  L.,  s.  !  B.  Hymenoptera— Apidce : 
Bombus  muscorum,  L.  (B.  agrorum,  F.)  $ ,  n.  \  ab.,  Wiirzburg  ;  Ccelioxys 
conoidea,  111.,  $  $  !  ab.  C.  Lepidoptera— Noctuidce :  Hypena  proboscidalis 
L.,  s.,  not  extracting  the  pollinia ;  Plusia  gamma,  L.,  do.,  in  the  evening ; 
SphingidoB  :  Sesia  formiciformis,  Esp.  £  (teste  Speyer),  do.  D.  Neuroptera ; 
Panorpa  communis,  L.,  s.  and  extracting  the  pollinia. 

Asclepias  curassavica,  L.,  according  to  Fritz  Midler's  observations 
in  South  Brazil,  is  sometimes  visited  by  wasps,  but  infinitely  more 
frequently  by  a  great  variety  of  butterflies,  on  whose  legs  the 
corpuscula  and  pollinia  of  this  plant  may  often  be  found.  One 


Fig.  133. 

Butterfly's  foot,  bearing  eleven  corpuscula  (7c)  and  eight  pollinia  (xf)  of  Asrlrpiis  curassavica,  L. 

butterfly,  like  a  Vanessa,  bore  on  one  leg  no  less  than  eleven  cor- 
puscula of  this  Asclepias.  Eight  only  of  the  twenty-two  pollinia 
remained,  the  others  had  been  employed  in  the  fertilisation  of 
other  flowers. 

Asclepias  tenuifolia  (?)  was  seen  by  Hildebrand  to  be  fertilised 
by  a  cabbage-white  butterfly  (361). 

Qomplwcarpus  {Asclepias)  fruticosa,  R.  Br. — The  structure  of 
the  flower  and  the  way  in  which  insects  visit  it  have  been  described 
by  Spreugel  (No.  702,  pp.  139-150):  he  fell  into  the  error  of 
considering  the  upper  surface  of  the  stigma-disk  to  be  the  stigma, 

Aromjia  aliens,  Brot.  (Physianthus,  Mart.),  is  fertilised  by 
humble-bees,  to  whose  tongues  the  corpuscula  become  attached. 
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Vincetoxicum  officinale,  L.,  is  fertilised  by  the  proboscides  of  small 
flies,  Stapclia  hirsuta,  L.,  and  S.  grcmdijiora,  Mass.,  by  Mtisca 
vomitoria  and  Sarcophaga  carnaria,  which  are  attracted  by  the 
putrid  odour  of  the  flowers.  Asa  rule,  in  those  Asclepiadeee  in 
which  fertilisation  is  effected  by  an  insect's  proboscis  (Araujia, 
Cynanclmm,  Vincetozicum,  Stapelia,  Boucerosia),  the  five  nectaries 
alternate  with  the  stamens  ;  in  those  in  which  fertilisation  is 
effected  by  the  legs  of  insects  (Asclepias,  Gomp7wcarpus,  Gentro- 
stcmma,  Eoya),  the  reverse  holds  ;  in  Stephanotis,  which  is  fertilised 
by  the  proboscides  of  nocturnal  Lepidoptera,  the  base  of  the  tube 
of  the  corolla  forms  a  large  honey-receptacle  (172,  352). 

In  Ceropejia  elegans,  Wall.,  the  flower  forms  a  temporary  prison 
for  its  visitors,  very  much  like  that  of  Aristolochia  Clematitis,  L. 
Small  flies  (Gymnopa  opaca)  creep  through  the  tube  of  the  flower, 
which  is  at  first  erect,  into  the  expanded  portion  which  surrounds 
the  reproductive  organs ;  in  this  expanded  portion,  or  cage,  whose 
entrance  is  surrounded  by  stiff  hairs  pointing  inwards,  they  are 
imprisoned  for  a  whole  day.  On  the  second  day  these  hairs  wither, 
the  flower  bends  over,  the  flies  creep  out  with  the  pollinia  attached 
to  their  proboscides,  and  seek  new  flowers,  in  whose  cages  they 
introduce  the  pollinia  into  the  slits  leading  to  the  stigma,  and  get 
new  pollinia  attached  to  their  proboscides  (178,  360). 

^  Gynanchum  Vincetoxicum,  E.  Br.— The  flower  agrees  in  most 
points  with  that  of  Asclepias  Gornuti. 

The  dirty-white  flowers  of  Gynanchum,  devoid  of  the  pleasant 
perfume  of  Asclepias,  are  adapted  for  fertilisation  by  carrion-loving 
flies,  which  convey  the  exceedingly  minute  pollinia,  not  with  their 
claws,  but  with  the  bristles  on  their  proboscides.    Further  while 
m  Asclepias  Gornuti  the  foliar  appendages  of  the  anthers  form  five 
fleshy  cups  filled  with  honey  alternating  with  the  corpuscula,  here 
the  same  appendages  of  the  anthers  form  high  vaulted  fleshy  bodies 
coherent  into  a  ring;  and  alternating  with  them  are  five  deep 
nectariferous  pits  immediately  below  the  five  corpuscula.  Into 
these  pits,  insects  thrust  their  proboscides,  to  suck  the  nectar 
When  Mumd*  (in  which  the  proboscis  is  set  with  erect  bristles) 
do  this  it  is  almost  inevitable  that  when  the  proboscis  is  bein* 
drawn  back,  one  or  other  of  its  bristles  gets  caught  in  the  slit" 
winch  is  placed  over  the  nectary  and  is  wider  below  than  above  ; 
after  entering  the  slit,  it  glides  upwards  between  the  lateral  anther- 
w.ngs  of  the  two  neighbouring  anthers,  straight  into  the  inferior 
wedge-shaped  notch  of  the  corpusculum,  and  is  there  held  fast. 
When  the  fly  now  gives  a  slight  pull  backwards  in  order  to  fi- 


re e 

D  D 


402  THE  FERTILISATION  OF  FLOWERS.       [part  ru. 

its  proboscis,  held  fast  thus  by  a  bristle,  it  tears  away  the  corpuscu- 
lum  and  its  two  pollinia ;  and  the  pollinia  and  the  processes  which 
carry  them,  both  of  which  Avere  hitherto  kept  moist  beneath  the 
anthers,  are  now  brought  for  the  first  time  into  the  open  air,  and 
begin  to  be  dried  up.  In  consequence  of  this,  the  processes,  which 
previously  stood  out  in  opposite  directions,  now  bend  so  that  the 
pollinia  come  close  together,  face  to  face.  If  the  fly  now  inserts 
its  proboscis  into  another  nectary  on  the  same  flower,  it  will  be  in 
a  slightly  different  position  with  regard  to  the  slit  in  the  case  of 
each  different  nectary,  and  for  this  reason  alone  the  same  bristle 
will  not  be  caught.  Besides,  it  is  a  considerable  time  before 
the  processes  are  so  far  dried  that  both  pollinia  of  the  same 
corpusculum  can  be  inserted  into  the  slit  along  with  the  bristle 
that  they  are  attached  to,  so  that,  as  a  rule,  the  fly  has  mean- 
while flown  away  to  another  plant.  Here,  if  a  proboscis-bristle 
bearing  pollinia  (which  has  now  become  closely  approximated)  gets 
again  caught  in  the  slit,  one  (or  both)  of  the  pollinia  slides  into 
the  stigmatic  chamber  which  lies  behind  the  slit,  and  remains 
sticking  in  it,  torn  away  from  the  process  that  attached  it  to  the 
corpusculum.  So  crossing  of  separate  flowers,  and  for  the  most 
part  of  separate  plants,  is  regularly  effected.  Other  visitors  besides 
carrion-loving  flies  {e.g.  Umpis,  Polistes),  occasionally  attach  one  or 
more  corpuscula  to  the  tips  of  their  proboscides,  but  can  scarcely 
ever  effect  cross-fertilisation  (609). 

Hoya  globulosa. — Mr.  Worthington  Smith  has  recently  given  a 
minute  description  of  the  fertilisation  of  this  flower  (699).  He  states 
that  the  corpuscular  processes  (retinacula)  are  elastic  !  When  in 
the  flower  they  are  like  an  extended  spring,  but  the  instant  the 
pollinia  are  withdrawn  the  spring  closes,  and  the  two  pollinia  quickly 
cross  each  other  and  hold  tightly  on  to  the  insect's  foot.  The  flower 
is  distinctly  proterandrous. 

Darwin  describes  a  very  remarkable  instance  of  Soya  camosa 
bearing  cleistogamic  flowers  in  cultivation  (167). 

Stapelia  also  has  cleistogamic  flowers,  according  to  Kuhn  (399). 

Periploca  grceca,  L. — The  mode  of  fertilisation  has  been  described 
by  Delpino  (172,  352). 

Ord.  GENTIANEM 
Gentiana  lutea,  L. — The  honey  is  freely  exposed,  and  I  have 
found  the  plant  visited  by  twenty-seven  species  of  mostly  short- 
lipped  insects.    The  flower  is  homogamous,  and  self-fertilisation  is 
not  impossible  (570,  vol.  xv. ;  609). 
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Gentiana  punctata,  L.,  is  proterogynous ;  G.  acaulis,  L.,  and 
G.  asclepiadea,  L.,  are  proterandrous.  All  three  are  adapted  for 
humble-bees  (570,  vol.  xv. ;  609,  figs.  128-130). 

296.  Gentiana  Pneumonanthe,  L.  (Sprengel,  No.  702,  pp. 
150-152). — Honey  is  secreted  by  the  base  of  the  ovary.  The 
corolla  is  25  to  30  mm.  long,  and  8  to  10  mm.  wide  at  the  mouth, 
and  it  closes  in  dull  weather,  so  that  the  honey  is  protected  from 
rain.1  The  tube  suddenly  narrows  below  its  middle,  and  the 
stamens,  which  from  this  point  downwards  are  attached  to  the 
corolla,  lie  close  to  the  ovary.  A  humble-bee  can  therefore  creep 
down  as  far  as  the  middle  of  the  tube  ;  but  in  order  to  reach  the 


Fig.  134. — Gentiana  lutca,  L. 

A.  — Flower,  slightly  magnified.    «,  sepal;  p,  petal. 

B.  — Base  of  the  ovary,   n,  annular  swelling  which  secretes  honey ;  fi,  filament. 


honey,  it  must  insert  its  proboscis  between  two  stamens  and  the 
corolla,  and  for  this  purpose  a  proboscis  12  to  14  mm  lon°-  is 
necessary.  In  creeping  into  a  young  flower,  the  bee  comes  in 
contact  with  the  anthers,  which  closely  surround  the  still  unripe 
stigmas  and  display  the  pollen  on  their  outer  surfaces;  in  creeping 
into  an  older  flower  it  touches,  with  the  same  part  that  in  a  yoW 
flower  got  dusted  with  pollen,  the  papillar  side  of  the  two  stigmas 
which  now  stand  above  the  anthers  and  are  recurved  so  that  their 

wSWis*.  tt  teeats  she;tere,d  from/ain  ci— 

flower,  they  reach  the  honev eas y     H   e  ^  of  ™ter  fall  into  an  open 

which  Sprengel  believed  to  L^!-'  \ it   '  ^  m  mm?  other  cases-  the  structure 
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papillar  inner  surfaces  are  exposed  to  contact  with  the  bee.  So  if 
bees  visit  the  flower,  cross-fertilisation  seems  to  be  insured;  in 
absence  of  insects,  self-fertilisation  seems  to  be  rendered  impossible 
by  the  well-marked  proterandry,  and  by  the  position  of  the  anthers 
in  regard  to  the  ripe  stigmas.  I  have  only  noticed  humble-bees 
visiting  the  plant:  viz.  (1)  Bombus  agrorum,  F.  o  (12—15) ;  (2)  B. 
senilis,  Sm.  o  (14—15),  both  very  frequent,  sucking  honey  only. 

Gcntiana  ciliata,  L.,  is  proterandrous,  and  adapted  for  humble- 
bees.  Honey  is  secreted  by  yellow  fleshy  areas  of  the  base  of  the 
corolla  between  each  pair  of  stamens  (No.  609,  fig.  132). 

Gcntiana  bavarica,  L.,  and  G.  verna,  L.,  are  adapted  for  cross- 
fertilisation  by  Lepidoptera.  The  most  important  visitor  seems  to 
be  Macroglossa  stcllatarum  (No.  570,  vol.  xv. ;  No.  609,  fig.  131). 

G.  nivalis,  L. — The  flower  resembles  the  two  preceding  species 
in  structure,  but  is  less  conspicuous  and  less  visited  by  insects  ;  in 
case  of  need  it  fertilises  itself  (570,  609). 

297.  Gentiana  Amarella,  L. — Honey  is  secreted  by  five 
green  fleshy  spots  at  the  base  of  the  corolla,  alternating  with  the 
stamens ;  it  is  sheltered  from  rain  by  the  closing  of  the  flower  dur- 
ing dull  weather,  and  is  protected  from  flies  by  long,  erect  hairs 
developed  on  the  interior  of  the  corolla  at  the  junction  of  its  tube 
and  limb.  The  plant  grows  among  grass,  and  accordingly  the 
lobes  of  the  erect  corolla  spread  out  to  be  mainly  conspicuous  from 
above. 

The  tube  is  16  to  18  mm.  long,  but  as  it  is  6  mm.  wide  at  the 
mouth  a  humble-bee  can  insert  the  whole  of  its  head  and  reach 
the  honey  with  a  proboscis  10  to  12  mm.  long.  Unlike  G.  Pncu- 
monanthe,  the  flowers  are  homogamous.  When  the  flower  opens 
the  anthers  dehisce,  after  turning  their  dehiscent  sides,  which  in  the 
young  bud  were  turned  outwards,  upwards  so  as  to  be  touched  the 
more  certainly  by  the  bee's  head.  The  two  terminal  lobes  of  the 
style  are  already  expanded  and  provided  with  stigmatic  papillae. 
In  case  of  insect-visits,  self-fertilisation  is  not  impossible;  but 
since  the  stigma  stands  above  the  anthers,  the  insect  as  a  rule 
comes  in  contact  with  it  first,  and  effects  cross-fertilisation.  After 
the  pollen  is  shed  the  anthers  again  come  to  lie  in  a  line  with  the 
filaments  and  place  themselves  close  round  the  style.  I  have  not 
observed  whether"  self-fertilisation  occurs  in  absence  of  insects.  I 
have  seen  Bomfoos  silvarum,  L.  ?  (12 — 14),  visiting  the  plant, 
and  sucking  numerous  flowers  (Sept.  30,  1869). 

Gcntiana  tcnella,  Kottb.  (G.  glacialis,  Thorn. ),  G.  nana,  Wulf., 
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G.  campestris,  L.,  and  G.  obhisifolia,  Willd. ,  are  adapted  for  fertili- 
sation by  humble-bees  and  Lepidoptera  in  the  same  way  as 
G.  Amarella,  L.   (No.    570,  vol.  xv. ;  No.  609,  figs.  133-135). 


Fig  135. — Gentiana  campestris,  L. 

A.  — An  old  flower.   The  calyx  and  nearly  half  of  the  corolla  have  been  removed. 

B.  — Essential  organs  from  a  flower  in  the  act  of  opening.   The  stigma  is  mature,  the  antlu 
are  still  closed  ;  but  they  dehisced  while  I  was  drawing  them  (B'). 

C— Upper  part  of  the  pistil  and  of  two  opposite  stamens,  in  their  natural  position  :  from  a 
somewhat  older  flower. 

D.  — Stigma  whose  branches  have  closed  up  after  being  dusted  with  pollen  (x  7).  (Madulein 
June  20,  1879.) 

E.  — A  flower  viewed  directly  from  above  (natural  size). 

F.  — Upper  part  of  the  pistil  and  of  two  stamens  in  their  natural  position  :  from  still  older 
flower  (x  7). 

(Albula,  August  20,  1878). 

G.  oltusifolia  is  proterandrous,  G.  tenella  and  G.  nana  homo- 
gamous,  G.  campestris  sometimes  homogainous,  sometimes  slightly 
proterogynous. 


REVIEW  OF  THE  GENUS  GENTIANA. 

A  comparison  of  the  very  numerous  Alpine  Gentians  suggests 
the  following  theory  of  their  evolution. 

The  genus  Gentiana  splits  into  two  main  divisions,  in  one  of 
winch  honey  is  secreted  by  the  base  of  the  ovary,  in  the  other  by 
the  base  of  the  corolla. 

We  have  an  offshoot  of  the  first  main  division  in  G.  lutca, 
which  stands  on  a  much  lower  grade  than  the  other  species  and 
nearer  to  the  primitive  form.  The  ancestors  of  the  genus  un- 
doubtedly had,  like  G.  htm,  fully  open  flowers  with  almost  free 
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petals,  and  offered  their  insect-visitors  either  honey  lyino-  fully 
exposed  in  the  angle  between  ovary  and  corolla,  or  pollen  only. 
In  either  case  the  most  various  insects  were  admitted,  and  they 
performed  cross-fertilisation  (as  in  0.  Meet)  casually  and  irregularly, 
so  that  the  power  of  spontaneous  self-fertilisation  could  no  more 
be  dispensed  with  than  in  0.  lutea. 

In  both  main  divisions,  as  the  nectaries  became  more  perfect, 
bees  and  especially  humble-bees  proved  themselves  the  most 
efficient  cross-fertilisers ;  and  in  relation  to  their  visits  the  cam- 
panulate  form  of  flower  was  evolved.  Unbidden  guests  were 
excluded  from  the  honey  in  the  first  division  by  the  development 
of  deep  honey-passages,  cross-fertilisation  in  case  of  bees'  visits 
being  insured  by  the  position  of  the  anthers  in  a  ring  close  round 
the  style  (sub-genus  Ccelanthe ;  species  purpurea,  pannonica, 
-punctata,  cruciata,  asclepiadea,  Pneumonanthe,  Frcelichii,  frigida, 
acaulis).  Later,  as  Lepidoptera  made  their  influence  felt,  the  corolla 
in  Ccelanthe  got  longer  and  narrower,  the  folds  which  narrow  it 
became  more  perfect,  and  the  bilobed  stigma  became  developed 
into,  a  disk  closing  the  mouth  of  the  tube.  Thus  resulted  the 
Alpine  sub-genus  Cydostigma,  adapted  for  long-tongued  Lepidop- 
tera (species  bavarica,  verna,  cestiva,  inibricata,  pumila,  utriculosa, 
nivalis). 

In  the  second  division,  hairs  on  the  corolla  afforded  imperfect 
protection  against  unbidden  guests,  and  narrowing  of  the  corolla 
made  it  more  certain  that  both  stigma  and  anthers  should  be 
touched  by  the  bee  (sub-genus  Crossopetalum  ;  species  ciliata,  L. ). 
And  finally,  in  a  special  offshoot  of  this  division,  as  Lepidoptera  here 
also  came  to  have  a  decided  influence  as  cross-fertilisers,  the  fringe 
of  hairs  at  the  mouth  of  the  corolla  became  more  developed, 
excluding  all  visitors  except  humble-bees  and  Lepidoptera  from  the 
honey,  and  the  corolla  became  so  narrow  that  Lepidoptera  as  well 
as  humble-bees  must  perform  cross-fertilisation  in  inserting  their 
proboscides  (sub-genus  Endotricha ;  species  campestris,  germanica, 
Amarella,  obtusifolia,  tcnella,  nana). 

The  primitive  yellow  colour,  retained  in  G.  lutea,  was  gradually 
exchanged  for  blue  by  the  influence  of  the  humble-bees,  and 
instructive  transition-stages  in  this  process  are  preserved  among 
the  species  of  Ccelanthe.1  But  after  the  blue  colour  was  once 
firmly  established  it  was  retained  throughout  the  changes  by  which 
Ccelanthe  passed  into  Cyclostigma  (609). 

1  C.  punctata  has  only  blue  spots  on  the  pale-yellow  ground  of  the  corolla  ;  and  in 
C.  purpurea,  the  outside  of  the  corolla  is  bluish-purple,  but  the  inside  is  still  yellow. 
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298.  Erythema  Centaurium,  L. — I,  like  Sprengel,  have 
failed  to  find  any  honey  in  this  flower,  though  I  have  seen  it 
repeatedly  visited  by  Lepidoptera,  and  though  the  spiral  twisting 
of  the  stamens  (like  the  twisting  of  the  stigma  in  several  Silenece 
fertilised  by  Lepidoptera)  seems  to  be  an  adaptation  to  insure  their 
being  touched  by  the  thin  proboscis  of  these  insects.  Probably 
the  insect  pierces  some  soft  tissue  with  the  sharp  points  at  the  tip 
of  its  proboscis. 

Visitors  :  Lepidoptera — (a)  Sphinges :  On  July  10,  1868,  in  Thuringia,  I 
saw  Macroglossa  stellatarum,  L.,  sucking  first  on  Dianthus  Carthusianorum 
and  then  on  E.  Centaurium  ;  (b)  Noctuai :  On  Sept.  1,  1871,  at  Lippstadt.  my 
son  Hermann  saw  (2)  Plusia  gamma,  L.,  and  (3)  Agrotis  pronuba,  L.,  freq. 
sucking  persistently  on  flowers  of  this  plant.  An  additional  list,  including  five 
Lepidoptera,  three  bees,  and  one  Empis,  is  given  in  No.  590,  in. 

Mr.  A.  S.  Wilson  found  this  plant  heterostyled  and  with 
dimorphic  pollen-grains  (780). 

Irimnanthemum  (Kuhn,  No.  399)  and  Villarsia  (=Limnanthemum 
Humboldtianum,  Fritz  Miiller,  No.  550)  are  dimorphic  (Darwin, 
No.  167,  p.  116). 

Menyanthes  trifoliata,  L.,  is  well  known  to  be  dimorphic.  In 
a  small  marsh  near  Lippstadt,  sometimes  flooded  by  the  Lippe, 
which  probably  brought  the  seeds,  I  have  found  the  long-styled 
form  only ;  and  I  have  never  observed  ripe  fruit  there. 


Oed.  POLEMONIACEM 

Cohcea  pendulifiora  is  fertilised  by  Sphingidae  (226),  C.  scandens, 
Cav.,  by  humble-bees  (52). 

Collomia  grandifiora  (Dough),  Lindl,  has  cleistogamic  flowers 
(423,  424,  685). 

299.  Phlox  paniculata,  L.— Sprengel  recognised  the  pro- 
terandrous  condition  of  this  flower,  and  found  it  to  be  visited  by 
butterflies.  I  have  seen  Conops  flavipes,  L.,  sucking  honey,  and 
Eristalis  tenax,  L.,  very  frequently  eating  pollen  on  the  flowers. 

Polemonium  cazrulcum,  L.,  is  likewise  proterandrous.  Sprengel 
overlooked  the  dichogamous  condition  in  this  plant,  but  Axell  (17) 
figures  the  proterandrous  flowers.1 

The  honey  is  secreted  in  this  species  and  in  Phlox  paniculata  by 
the  lower  fleshy  part  of  the  ovary. 

>  See  also  my  ^^M^,  pp.  257.259(  flg  97>  and  WeUere  BeohcwUungen>  m 
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Treviranus  supposed  that  Polemoniacece  fertilise  themselves 
before  the  flowers  open  (742). 

Gilia  pulchella,  Dougl.,  and  G.  (Lcptosiphon)  mierantha,  Steud. 
are  believed  by  Darwin  (167)  to  be  heterostyled. 

Professor  Asa  Gray  considers  Phlox  suhulata,  L.,  to  be  hetero- 
styled, but  Darwin  (167)  shows  that  the  great  variability  of  the 
stigmas  and  pollen-grains  makes  this  a  perplexing  case.  He  says, 
Possibly  this  species  was  once  heterostyled,  but  is  now  becoming 
sub-dioecious,  the  short-styled  plants  having  been  rendered  more 
feminine  in  nature.5'    (Forms  of  Flowers,  p.  121.) 


Oed.  BORAGINEJE. 
Tribe  Cordiece. 

Cordia,  L.,  is  heterostyled,  but  the  stamens  are  of  almost  the 
same  length  and  the  pollen-grains  are  of  the  same  size  in  the 
flowers  of  both  forms  (Darwin,  167). 


Tribe  Boragece. 

300.  Symphytum  officinale,  L.— A  white,  annular  ridge  at 
the  base  of  the  ovary  secretes  honey,  which  is  lodged  in  the  upper 
part  of  the  inverted  corolla.    The  whole  corolla  is  14  mm.,  its 
upper  narrower  portion  8  mm.,  long.    The  long,  trihedral  invagina- 
tions of  the  corolla,  which  pass  from  the  boundary  between  the 
wide  and  narrow  parts  into  the  wide  part  of  the  bell,  closing  in  the 
spaces  between  the  stamens,  were  thought  by  Sprengel  to  guard 
the  nectar  from  rain  ;  but  as  in  the  preceding  species,  this  service 
is  performed  by  the  inverted  position  of  the  corolla.    Their  use  is 
probably  to  cause  an  insect  to  thrust  its  proboscis  between  the 
closely  approximated  anthers,  and  not  into  the  wide  intervals  be- 
tween the  stamens.     The  sharp  teeth  which  these  appendages  of 
the  corolla  bear  aid  in  this  object;  they  certainly  do  not  act  as 
"  pathfinders,"  as  Sprengel  thought,  for  to  an  insect  inserting  its 
head  into  the  flower  from  below,  they  appear  not  bright  and 
shining,  as  Sprengel  describes  them,  but  as  dark  points,  guarding 
all  but  the  legitimate  access  to  the  honey.    This  view  is  confirmed 
by  a  comparison  of  the  lengths  of  the  proboscides  of  insects  which 
reach  the  honey  of  this  flower  in  the  normal  way,  and  of  those 
which  do  so  by  biting  a  hole  in  the  narrow  part  of  the  corolla.  To 
reach  the  honey  by  passing  between  the  anthers  an  insect  requires 
a  proboscis  at  least  11  mm.  long ;  to  reach  it  by  passing  between 
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the  filaments  from  the  interior  of  the  corolla  would  require  a 
proboscis  only  8  mm.  long.  Now  I  have  found  the  following 
insects  always  sucking  normally  on  this  flower :  Rhingia  rostrata, 
L.  (11—12);  Bombus  silvarum,  L.  ?  9  (11—14);  B.  agrorum, 
F.  ?  (13—15);  B.  Bajellus,  111.  $  9  (11—13);  Anthophora 
pilipes,  F.  2  (20—21)  ;  the  following,  on  the  other  hand,  only 
reach  the  honey  from  outside  by  boring  a  hole  in  the  narrow 
part  of  the  corolla  :  B.  terrestris,  L.  2  (7 — 9) ;  small  workers  of 
B.  lapiclarius,  L.  (9—10)  ;  and  B.  pratorum,  L.  9  (8  —9).  It  is 
plain  from  these  measurements  that,  had  the  path  between  the 
filaments  remained  unguarded,  the  three  last-named  insects  might 
all  have  made  use  of  it,  without  resorting  to  the  slower  process  of 
piercing  the  corolla,  and  there  can  be  no  doubt  that  they  are 
deterred  by  the  sharp  teeth  of  the  corolline  appendages. 

The  anthers,  which,  as  in  Borago,  combine  to  form  an  inverted 
cone,  dehisce  before  the  flower  opens ;  the  pollen  remains  partly 
within  the  anthers,  partly  in  the  apex  of  the  cone,  until  a  humble- 
bee  or  Rhingia  thrusts  its  proboscis  between  the  anthers  and  lets 
the  pollen  fall  out.  Each  pollen-grain  is  0  02  mm.  long,  about 
0-013  mm.  broad,  and  is  shaped  like  two  spheres  joined  together 
and  flattened  at  the  junction ;  on  being  moistened  with  water,  each 
pollen-grain  swells  into  a  sphere  of  0"02  mm.  diameter.  The  pollen 
as  it  falls  out  resolves  itself  for  the  most  part  into  single  grains,  only 
a  few  of  which  remain  adhering  in  groups ;  a  considerable  amount 
remains  attached  to  the  anther-walls  until  the  flower  withers. 

The  stigma  ripens  as  soon  as  the  flower  opens,  and  hangs  down 
beyond  the  anther-cone ;  an  insect-visitor  therefore  touches  the 
stigma  before  it  displaces  the  anthers  and  dusts  itself  with  pollen. 

In  absence  of  insects,  self-fertilisation  probably  takes  place. 

Visitors  :  A.  Hymenoptera-^jritfa .-  (1)  Anthophora  pilipes,  F  9  '  •  (9) 
Bombus  agrorum,  F.  ?  ! ;  (3)  B.  silvarum,  L.  ?  9  ! ;  (4)  B.  Eajellus/lll 

2  9   J  5)  B  terrestns,  L.  ?  ;  (6)  B.  pratorum,  L.  9  ;  (7)  B.  lapidarius,  L. 

9  ,  the  last  three  gnaw  through  the  narrow  part  of  the  tube  ;  (8)  Eucera  lon«a- 
corms  L.  <J  creeps  bodily  into  the  flower;  (9)  Halictus  sexnotatus,  K.  2; 
(10)  Apis  melhhca,  L.  $ ,  both  suck  through  the  holes  made  by  humble-bees. 

™JtT^Tn(*  I  RMngia  r°Strata'  L-  sJ    °«]y  th0^  inaecta 

marked  wjth  (!)  suck  normally  and  effect  cross-fertilisation.    C  OoWen- 
Nitidulidce:  (12)  Meligethes.    See  also  No.  S9o,  ni.  ^leoptera 

301.  Borago  officinalis,  L. -The  mechanism  of  this  flower 
was  minutely  described  by  Sprengel,  with  great  but  not  absolute 
accuracy.  Honey  is  secreted  by  the  pale-yellow,  fleshy  base  of  the 
ovary,  and  is  lodged  in  a  short  tube  formed  by  the  bases  of  the 
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stamens ;  it  is  protected  from  rain  by  the  inverted  position  of  the 
flower.  The  anthers  meet  to  form  a  cone  ;  each  dehisces  on  its  inner 
surface,  slowly  from  apex  to  base,  letting  the  smooth  pulverulent 
pollen  run  into  the  apex  of  the  cone.  The  style  with  still  imma- 
ture stigmas  is  inclosed  within  the  cone  of  anthers.  An  insect,  to 
reach  the  honey, must  hang  suspended  below  the  flower,  and  thrust  its 
proboscis  between  two  stamens  ;  two  anthers  are  thus  slightly  dis- 
placed, the  point  of  the  cone  opens,  and  a  little  pollen  falls  out. 


Fig.  136. — Borago  officinalis,  L. 

1.  — Flower,  from  below  ;  the  stamens  have  been  cut  away. 

2.  — A  stamen  in  its  natural  position,  viewed  from  the  side. 

a,  pouch  in  the  corolla  ;  b,  cut  end  of  stamen ;  c,  ovary ;  d,  flesliily  thickened  filament ;  e,  pro- 
cess of  ditto  ;  /,  orifice  of  the  anther. 


The  pollen  in  each  anther  ripens  very  gradually  from  the  apex 
towards  the  base,  and  hence  the  little  shower  of  pollen  may  be 
emitted  repeatedly.  The  style  only  grows  out  beyond  the  cone 
of  anthers  and  develops  its  stigma,  after  the  anthers  have  been 
emptied  of  their  pollen.  Even  after  repeated  insect-visits  a  per- 
manent displacement  of  the  anthers  cannot  take  place,  for  the 
short,  broad  form  and  fleshy  nature  of  the  filaments  (d,  2),  their 
stiff  external  appendages  (c,  2),1  and  the  invaginated  processes  of 
the  corolla  that  surround  the  base  of  the  anther-cone,  insure  the 
return  of  each  anther  to  its  place  after  every  disturbance.  I  have 
neglected  to  observe  whether  finally,  in  absence  of  insects, 
self-fertilisation  may  take  place. 

1  Spreiiffil  thought  that  these  appendages  were  for  the  purpose  of  sheltering  the 
honey,  but°  the  inverted  position  of  the  flower  renders  this  unnecessary.  Delpino 
(No.  178,  pp.  172-174)  takes  the  view  that  I  have  adopted, 
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(1)  Apis  mellifica,  L.  $  ,  very  ab.,  s.  and  c.p.  ;  (2)  Bombus  pratorum,  L.  ?, 
s.  and  c.p.  ;  (3)  Halictua  zonulas,  Sm.-<j>,  s. ;  (4)  H.  sexnotatus,  K.  ? ,  s.,  ab.  ; 
(5)  Megachile  centuncularis,  L.  <J,  a.    See  also  No.  590,  in. 

302.  Anchusa  officinalis,  L.  (Sprengel,  PI.  in.,  10, 11, 16, 17). 
— Honey  is  secreted  by  the  green  fleshy  base  of  the  ovary  and 
accumulates  in  the  lower  part  of  the  corolla,  which  forms  a  tube 
7  mm.  long.  The  corolla  is  smooth  within,  but  its  entrance  is 
guarded  from  rain  and  from  unbidden  guests  (flies)  by  five  closely 
approximated,  hairy,  invaginated  processes.  At  its  upper  end  the 
tube  expands  into  a  limb  10  mm.  in  diameter,  at  first  concave  and 
violet  in  colour,  then  flat  and  deep-blue ;  and  further,  the  flowers, 
which  are  conspicuous  in  themselves,  are  rendered  more  so  by 
aggregation.  The  invaginated  appendages,  which  are  indicated 
on  the  outside  of  the  corolla  by  transverse  slits,  serve  by  their 
white  colour  as  honey-guides.  The  anthers,  which  dehisce  in- 
trorsely,  and  the  stigma  which  overtops  them,  are  matured  simul- 
taneously. Cross-fertilisation  is  insured,  in  case  of  insect-visits,  by 
the  position  of  the  stigma  ;  in  absence  of  insects,  self-fertilisation 
must  finally  occur,  for  the  corolla  in  falling  off  brings  the  anthers 
in  contact  with  the  stigma. 

Eug.  Warming  has  found  A.  officinalis  heterostyled,  with 
transition-forms  between  the  long-  and  short-styled  flowers  (762). 

Insect-visits  are  plentiful,  and  in  fine  weather  cross-fertilisation 
always  occurs.  On  September  13,  1871,  I  observed  the  following 
insects  visiting  this  plant  on  the  Wandersleber  Schlossberg  in 
Thuringia  : — 

A.  Hymenoptera— Apida :  (1)  Apis  mellifica,  L.  ,  s.  and  c.p.,  ab. ;  (2) 
Bombus  pratorum,  L.  $ ,  s.  and  c.p.  ;  (3)  B.  agrorum,  F.  $  ?  ;  (4)  B.  silvarum, 
L.  $  ;  (5)  B.  lapidarius,  L.  $  $  ;  (6)  B.  muscorum,  F.  t?  ;  the  last  four  only 
sucking.  B.  Lepidoptera— Noctum :  (7)  Plusia  gamma,  L.,  very  ab.,  s.  See 
also  No.  590,  in.,  and  No.  609. 

303.  Lycopsis  aevensis,  L.— The  same  parts  of  the  flower  as 
m  Anchusa  serve  to  secrete,  contain,  shelter,  and  point  out  the 
honey.  The  flowers  are  doubtless  visited  and  fertilised  in  like 
manner,  chiefly  by  bees,  and  to  some  extent  also  by  Lepidoptera 
I  have  only  observed  (September  8,  1871,  in  Thuringia)  Hcsperia 
thaumas,  Hufn.,  once  sucking  honey  on  this  plant. 

Pulmonaria  an gustifolia,  L.  (P.  azurea,  Besser).1— This  plant  is 
dimorphic  ;  and  the  two  forms  of  flowers,  besides  differences  in  the 
reproductive  organs,  show  an  unusual  number  of  other  minor 

diibcTspecies!0'  l6?)        lakCD  P'  an3ustif°lia>        and  P.  azurea,  Besser,  to  be 
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differences.  In  the  short-styled  flowers,  the  calyx  is  longer  and 
narrower,  the  coroUais  longer  and  has  a  much  larger  and  more  con- 
spicuous limb;  the  ovary  is  smaller ;  the  nectaries  larger  and  more 
rich  in  honey  than  in  the  long-styled  flower.  In  the  Alps  humble- 
bees  and  Rhingia  and  Bomhylius  act  as  cross-fertilising  agents 
for  this  species,  as  they  do  for  P.  officinalis  in  the  Lowlands  (609). 
Hildebrand  denies  that  this  plant  is  heterostyled  :  it  is  possible 
that  he  made  his  observations  on  cultivated  examples,  and  that 


FlG.  137. — Puhnonaria  angustifolia,  L  . 

A.  — Long-styled  flower. 

B.  — Ditto,  in  section. 

C.  — Ditto,    ov,  ovary  ;  n,  nectary  ;  gr,  style  (x  4§). 

D.  — Short-styled  flower. 

E.  — Ditto,  in  section  (x  1^). 
P.— Ditto  (x 

G  —  Limb  of  the  corolla  of  a  short-styled  flower, 'cut  off  close  above  the  anthers,  to  show  the 
protecting  hairs  (x  4|). 


there  is  in  them,  as  Darwin  has  shown  in  the  case  of  Primula 
sinensis,  a  return  to  the  homostylic  condition  (609). 

Darwin  found  the  long-styled  though  not  the  short-styled 
flowers  of  this  species  absolutely  barren  when  illegitimately  fer- 
tilised ;  he  gives  several  reasons  for  considering  that  this  dimorphic 
plant  is  in  a  transition-stage,  tending  to  become  dioecious  (167). 

304.  Pulmonaeia  officinalis,  L. — This  species  also  is  di- 
morphic. Honey  is  secreted  by  the  white,  basal  part  of  the  ovary, 
lodged  in  the  lower  portion  of  the  tubular  corolla,  and  sheltered 
from  rain  by  a  ring  of  hairs  placed  in  the  tube  at  the  place  where 
it  widens  out.  In  the  short-styled  flowers,  the  anthers  stand  at 
the  mouth  of  the  corolla  (whose  tube  is  10  to  12  mm.  long);  the 
stigma  stands  half-way  up  the  tube,  on  a  style  5  to  6  mm.  long  :  in 
the  long-styled  flowers  these  positions  are  reversed,  the  style  being 
10  mm.  long,  and  the  anthers,  being  attached  by  very  short  fila- 
ments to  the  corolla,  5  mm.  from  the  base  of  the  flower.  Since  the 
corolla  widens  slightly  at  its  mouth,  insects  with  a  proboscis  8  mm. 
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long  are  able  to  reach  the  honey.  Bees  touch  the  longer  reproduc- 
tive organs  with  their  heads  or  with  the  base  of  their  proboscides, 
and  the  shorter  with  the  maxillae,  which  serve  to  sheath  the  pro- 
boscis ;  thus  they  regularly  perform  '  legitimate  cross-fertilisation.' 
The  flowers  are  very  conspicuous  and  very  rich  in  honey,  and 
appear  at  a  season  when  they  have  few  rivals  ;  they  are  therefore 
very  much  visited  by  insects,  and  have  become  sterile  when 
fertilised  with  their  own  pollen  or  with  pollen  from  another  flower 
of  the  same  form.  Hildebrand  (342)  found  by  experiment  that 
when  he  fertilised  a  flower  of  either  form  with  its  own  pollen,  or 
with  pollen  from  another  similar  flower,  it  was  completely  sterile  ; 
but  when  fertilised  with  pollen  from  a  flower  of  the  other  form,  it 
was  as  productive  as  in  the  wild  state.  He  found  on  investigating 
wild  plants  in  fruit,  that  in  some  cases  the  oldest  flowers  on  the 
plant,  and  almost  constantly  the  terminal  flowers  of  each  shoot,  bore 
no  seed;  the  former  fact  he  explains  by  the  absence  of  the  proper 
insects  early  in  the  season,  the  latter  by  imperfect  nourishment  of 
the  terminal  parts  of  the  shoots. 

Darwin's  experiments  (No.  164,  p.  103)  on  this  plant  led  to  a 
result  different  from  Hildebrand's.  He  found  that  illegitimately 
fertilised  long-styled  plants  were  highly  fertile,  producing  three 
times  as  much  seed  as  Hildebrand's  wild  specimens  bore;  and  that 
even  when  self-fertilised,  a  few  seeds  were  produced.  Hildebrand 
endeavoured  to  explain  this  great  discordance  by  the  fact  that  the 
plants  which  he  experimented  on  were  kept  in  pots  in  the  house, 
while  Darwin's  were  grown  out  of  doors. 

Visitors  :  A.  Hymenoptera— Apidce :  (1)  Anthophora  pilipes  F  *  9 
09-21),  very  ab.,  s.  and  c.p.,  sucking  now  on  Primula  elatior,  now  on  Con,- 
calis  now  on  Pulmonaria,  without  restricting  itself  long  to  the  same  species  • 
(2)  Bombus  hortorum,  L.  ?  (21),  very  ab.,  s,  and  keeping  to  the  same  species 
of  flower  j  (3)  B.  lapidarius,  L.  9  (12-14),  s.  ;  (4)  B.  senilis?  Sm.  9  (14-15 
(5)B.  agrorum,F.  $  (12-15),  ab.,  s.  ;  (6)  B.  silvarum,  L.  ?  (12-14)  s  'm 
B.  Rajellus  111.  ?  (12-13),  s.  ;  (8)  B.  terrestris,  L.  9  (7-9)  s  •  (9)  B  'pra 
torum  L.  ?  (11-12),  s  distinctly  preferg  PulmonJ  \^  ^ 

Primula  elaUor  untouched  ;  (10)  Osmia  fusca,  Christ,  (bioolor*  Schrank)  9 
8),  c.p.  and  s  ab  Tins  species  feeds  itself  and  its  young  almost  entir  ly  on 
the  honey  and  pol  en  of  Pulmonaria.  I  have  never  found  its  nests  which 
are  made  in  snau-shells,  those  of  Helix  nemoralis  at  Lippstadt)  except  wh  re 
P«?ro«waa  growing  plentifully.  (11)  0.  pilicornis,  Sm.  ?  B  and  c  n  I 
was  the  first  to  find  this  bee  on  the  continent  of  Europ  .  I  have  found  t*l 
cluswely  on  flowers  of  Pulmonaria,  at  Rixbeck  near  Lippstadt ;  it  oZsll 
among  numerous  examples  of  the  foregoing  species,  with  which  it  agrees  in  the 
manner  of  tendmg  its  young.  (12)  0  rufa  L  f;  fi  tt,  Tnmn7f« 
bpps  T  ho™  ,K„„r+i     i         -,      ;  '      o  ^ — s-    ln  moat  °f  these 

bees  I  have  directly  observed  pollen  upon  the  maxilla*.    B.  Diptera-(a) 
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Bomhjlulce :  (13)  Andrena  Gwynana,  K.  ?,  c.p.  ;  (14)  Anthophora  retusa, 
? '  C-P-  and  s-  :  (15)  Halictus  cylindrieus,  F.  ? ,  c.p.  ;  (16)  Bombvlius 
chscolor  Mgn.  (11-12),  hovers  over  the  flower  and  inserts  its  proboscis  with- 
out setting  ab  but  o„1y  in  warm  sunshine  j  (17)  B.  major,  L.  (10),  do.; 
6)  S^Aitf*  ;  (18)  Rhmgia  rostrata,  L.  (11-12),  very  ab.,  s,  but  only  towards 
5?™6™  °^  WrinS  Period  (^y  18, 1870).  C.  Lepidoptera-iiAqpaZocera  ; 
(19)  Rhodoeera  rhamni,  L.,  s.,  ab.  D.  Coleoptera— Staphylinida :  (20)  Omalium 
florale,  Pk.,  ab.,  creeping  about  in  the  flowers. 

305.  Myosotis  silvatica  (Hoffm.)  Lehm.— As  soon  as  the 
flower  opens,  the  anthers,  which  are  attached  to  the  corolla  above 
the  level  of  the  stigma  and  are  inclined  slightly  inwards,  dehisce 


Fig.  13S. — Myosotis  silvatica,  Hoffm. 

1.  — Flower,  from  above. 

2.  — Ditto,  in  section  (x  7). 

3.  — Pollen  grains. 

a,  light-blue  limb  of  corolla  ;  b,  white  radiating  bands  ;  c,  yellow  centre  of  the  corolla  ;  d,  stamen  ; 
c,  stigma ;  /,  nectary. 

longitudinally,  and  become  covered  on  their  inner  surfaces  with 
small,  white  pollen-grains ;  each  of  the  latter  is  shaped  like  two 
attached  spheres,  and  measures  "005  mm.  by  "003  mm.  The  stigma 
ripens  simultaneously  with  the  anthers.  In  sunny  weather  nume- 
rous flies  frequent  the  flowers,  which  are  rendered  conspicuous  by 
colour  and  by  aggregation.  The  fly  thrusts  its  proboscis  rapidly 
into  the  flower,  spending  at  most  two  to  three  seconds  upon  it, 
and  probably,  therefore,  sucking  honey  in  each  case,  not  gathering 
pollen. 

The  honey  is  secreted  by  the  fleshy  base  of  the  ovary,  and  is 
lodged  in  the  lower  part  of  the  tube  of  the  corolla,  which  is  2  to 
3  mm.  long.  An  insect  must  dip  its  proboscis  down  between 
the  stigma  and  anthers,  and  touch  them  with  opposite  sides  of  the 
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proboscis.  Since  the  proboscis  may  be  inserted  on  any  side  of  the 
stigma,  the  part  of  the  proboscis  dusted  with  pollen  in  one  flower 
will  very  probably  come  in  contact  with  the  stigma  in  the  next. 
Since  flies  often  dip  then-  proboscis  repeatedly  into  one  flower,  self- 
fertilisation  also  must  frequently  result.  In  absence  of  insects, 
self-fertilisation  always  occurs  by  pollen  falling  directly  upon  the 
stigma.  In  plants  which  I  kept  in  my  room,  guarded  from  insects, 
I  always  found  the  stigma  in  the  older  flowers  thickly  covered  with 
pollen.  Axell  found  on  experiment  that  the  plant  is  completely 
fertile  when  self-fertilised  (17). 

Delpino  describes  Myosotis  as  dichogamous  and  exclusively 
fertilised  by  bees. 

M.  silvatica  in  my  garden  is  visited  by  the  following  insects  : — 

A.  Hymenoptera—  Apidce :  (1)  Andrena  albicans,  K.  $ ,  s.  B.  Diptera — 
(a)  Syrphidce :  (2)  Eristalis  arbustorum,  L.,  ab.  ;  (3)  E.  sepulcralis,  L.,  ab.  ; 
(4)  Syritta  pipiens,  L.,  very  ab.  ;  (5)  Khingia  rostrata,  L.  j  (b)  Muscidm :  (6) 
Scatophaga  merdaria,  F. ;  (7)  Species  of  Ecbinomyia  ;  (8)  Onesia  floralis,  E.  D.  ; 
(9)  0.  sepulcralis,  Mgn.  ;  (10)  Pollenia  vespillo,  F.  ;  (11)  Musca  corvina,  F.  ; 
(12)  Colobata  cothurnata,  Pz.  ;  all  acting  in  tbe  manner  described  above.  A 
list  of  nineteen  additional  visitors  is  given  in  No.  590,  in. 

Myosotis  alpestris,  Schmidt.— I  have  observed  this  plant  visited 
on  the  Alps  by  thirty-three  Lepidoptera,  nineteen  Diptera,  and 
one  bee— a  strikingly  different  list  from  the  preceding  one  (609). 

306.  Myosotis  intermedia,  Link.  ap.  Schl— The  flowers  of 
this  plant  differ  from  those  of  M.  silvatica  in  their  smaller  size,  and 


Fio.  139.— Myosotis  Intermedia,  Link. 

1.  — Longitudinal  section  (x  7) 

2.  -Anther  viewed  from  the  side  to  show  the  broad  prolongation  of  the  connective. 

m  two  points  which  make  cross-fertilisation  still  more  sure  :  (1)  The 
stigma  stands  on  a  level  with  the  anthers,  so  that  an  nsect' 
proboscis  more  certain  than  in  M.  silvatica  to  touch  anthers  and 
stigma  with  opposite  sides,  unless  it  be  repeatedly  inserted  as  is  not 
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rarely  the  case.  (2)  The  connective  terminates  above  in  a  broad 
expansion,  which  is  slightly  curved  outwards,  but  stands  immediately 
above  the  anther  since  the  latter  is  inclined  towards  the  centre  of 
the  flower ;  this  arrangement  hinders  the  proboscis  from  coming  in 
contact  with  the  anther  while  being  inserted.  The  same  character 
is  present  but  much  less  marked  in  M.  silvatica. 

Self-fertilisation  always  occurs  in  absence  of  insects. 

The  invaginated  processes  of  the  corolla  which  surround  the 
mouth  of  the  tube  in  all  species  of  Myosotis  serve  to  shelter  the 
honey  from  rain,  and  by  their  yellow  colour  serve  as  "path- 
finders "  ;  they  also  cause  insects  to  insert  their  tongues  in  the 
centre  of  the  flower  and  so  to  come  more  directly  in  contact  with 
the  stigma. 

Visitors  :  A.  Hymenoptera— Apidce  :  (1)  Apis  mellifica,  L.  § ,  ab.,  s.  ;  (2) 
Andrena  fasciata,  "Wesm.  ^ ,  s.  ;  (3)  A.  albicans,  K.  $ ,  s.  B.  Diptera—  (a) 
Bombylidm :  (4)  Bombylius  major,  L.  s.  ;  (b)  Syrphidce :  (5)  Cbrysogaster 
viduata,  L.,  s.    See  also  No.  590,  ni. 

307.  Myosotis  palustris,  Rth.,  agrees  in  all  points  with  M. 
intermedia,  except  in  the  length  of  its  tube,  which  is  3  mm.  long. 

Visitors  :  A.  Lepidoptera — Rhopalocera :  (1)  Lycsena  icarus,  Rott.,  s.  B. 
Diptera — Empida  :  (2)  Empis  opaca,  F.,  very  ab.,  s. 

308.  Myosotis  hispida,  Schlecht. — The  flower  is  described  in 
No.  590,  in. 

Visitors  :  A.  Hymenoptera — Apidce :  (1)  Halictus  zonulus,  Sm.  ? ,  s. 
(Tekl.  B.).    B.  Diptera — Muscida, :  (2)  Anthomyia  Bp.,  s. 

Myosotis  versicolor,  Lehm. — When  the  flower  opens,  the  corolla 
is  colourless  or  pale  yellow,  and  imperfectly  developed  ;  the  anthers 
and  stigma  are  however  ripe,  and  the  latter  protrudes  a  little  from 
the  flower.  If  insect-visits  now  occur,  cross-fertilisation  results; 
afterwards  the  corolla  in  elongating  rubs  the  anthers  against  the 
knobbed  stigma  and  the  flower  is  self-fertilised. 

I  have  observed  bees  and  flies  visiting  the  flower  (570,  vol.  x.) 

Echinospermum  Zappula,  Lehm.— The  mechanism  of  fertilisation 
resembles  that  of  Myosotis  silvatica,  but  the  honey  is  not  so  acces- 
sible, as  the  limb  of  the  corolla  does  not  spread  out  flat,  but  remains 
bell-shaped.  The  corolla  is  white  while  in  the  bud,  pale  red  while 
just  emerging  beyond  the  calyx,  and  afterwards  bright  blue.  The 
flower  is  visited  by  Diptera,  Apidas,  and  Sphegidse  (590,  m.  ;  609). 

Omphalodcs  verna,  Mcench.— The  tube  is  3  mm.  long,  and  the 
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bright  blue  limb  of  the  corolla  expands  to  a  diameter  of  15  to  18 
mm.  The  connective  has  no  terminal  appendage  ;  otherwise  the 
flower  resembles  that  of  Myosotis,  and  self-fertilisation  is  likewise  a 
regular  occurrence. 

Visitors  :  Hymenoptera— Apidcc :  (1)  Bombus  terrestris,  L.  <j? ,  s. ;  (2) 
Osmia  rufa,  L.  $,  s,. 

309.  Lithospeemum  Akvense,  L.— The  smooth  ovary  secretes 
a  small  amount  of  honey,  which  lies  in  the  base  of  the  corolla ;  the 
latter  forms  a  tube  4  to  5  mm.  long,  and  only  1  mm.  wide  in  its 
lowest  part.  The  five  short  stamens  are  inserted  upon  the  corolla 
below  its  middle,  and  their  anthers  dehisce  inwards  longitudinally 


Fiq,  140. — Lithospennum  arvense,  L. 

^  —Tip  of  style,  from  a  bud  (x  36).  at,  stigma. 
H.— Position  of  essential  organs  in  the  flower. 


and  let  their  pollen  escape,  before  the  opening  of  the  flower  The 
style,  which  is  2  mm.  long,  ends  in  two  smooth,  rounded  lobes  and 
bears  immediately  below  these  an  annular  ridge  covered  with  stig- 
matic  papillae  ;  this  stands  on  a  level  with  the  anthers,  completely 
hlhng  up  the  narrow  passage  to  the  base  of  the  flower.  The  upper 
ends  of  the  stamens  curve  slightly  outwards,  thus  guiding  an  insect's 
proboscis  to  the  centre  of  the  flower  and  causing  it  to  pass  between 
he  anthers  and  stigma.  If  in  the  young  flower  an  insect  thrusts  in 
its  proboscis,  already  dusted  with  pollen,  cross-fertilisation  takes 
place,  and  the  proboscis  gets  dusted  at  the  same  time  with  fresh 
pollen    But  as  the  pollen  issues  more  and  more  from  the  anthers 
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The  regular  occurrence  of  self-fertilisation  is  accounted  for  by 
the  small,  solitary,  white  flowers,  and  the  scantiness  of  insect-visits 
that  this  want  of  conspicuousness  leads  to.  I,  like  Sprengel  also, 
have  observed  Picris  brassicce,  L.,  and  P.  rapcc,  L.,  visiting  the 
flowers;  after  once  resorting  to  the  plant  they  came  frequently. 
Bees  and  Syrphidse  also  visit  the  plant  (590,  ill.). 

Zithospermum  canescens,  Lehm.' — The  flowers  either  are 
heterostyled  or  are  very  variable  (167). 

Batsclda  (Lithosperimim)  longifloritm,  Pursh.,  has  cleistogamic 
flowers  (167). 

310.  Echium  VULGARE,  L.— The  flowers  of  this  plant  are 
very  conspicuous,  and  are  peculiar  in  causing  insects  of  very 


Fig.  141. — Echium  vulgare,  L 

1.  — .Older  flower,  from  the  side.    The  flower  should  be  represented  horizontal. 

2.  — Transverse  section  through  the  base  of  a  flower,  more  magnified. 

k,  sepal ;  bl,  corolla ;  st,  stamen  ;  g,  style  ;  n,  stigma  ;  h,  entrance  to  the  honey. 

various  sizes  to  perform  cross-fertilisation,  both  in  reaching  the 
honey  and  in  carrying  off  the  pollen. 

The  honey,  which  attracts  most  visitors,  is  secreted  by  the  fleshy 
base  of  the  ovary,  and  lies  in  the  base  of  the  five-toothed,  funnel- 
shaped  corolla.  The  narrow  end  of  the  tube  is  inclined  obliquely 
upwards,  and  the  expanded  bases  of  the  five  stamens  adhere 
to  its  inner  wall  for  a  distance  of  4  mm.  When  the  stamens 
become  free  from  the  expanded  corolla,  the  latter  suddenly  widens 
out,  and  its  superior  wall  extends  obliquely  upwards  for  about 
12  mm.  farther;  the  sides,  slightly  diverging,  extend  for  9  mm.; 
and  the  inferior  wall  extends  for  6  mm.,  lying  horizontally  and 
curving  slightly  downwards  near  the  mouth.    The  corolla  is  large 
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enough  for  large  humble-bees  to  insert  easily  the  head  and  part  of 
the  thorax,  and  smaller  humble-bees  more  than  half  of  their  body ; 
while  still  smaller  bees  can  enter  the  tube  bodily.    The  insect 
passes  straight  on  to  the  base  of  the  flower,  the  downward  curva- 
ture of  whose  terminal  portion  corresponds  to  that  of  the  insect's 
proboscis.    To  alight  on  the  flower  and  suck  the  honey  is  the  work 
of  a  moment ;  so  completely  is  the  shape  of  the  flower  adapted, 
not  for  one  only,  but  for  many  species  of  bees.    But  none  of  the 
various  visitors  can  reach  the  honey  without  getting  dusted  ven- 
trally  with  pollen  in  young  flowers,  or  leaving  some  of  that  pollen 
upon  the  stigma  in  older  flowers.    From  the  point  where  the 
filaments  become  free  from  the  corolla,  they  pass  on  horizontally 
near  the  inferior  wall  of  the  corolla  ;  and  the  four  lowest  stamens 
project  some  7  mm.  beyond  the  corolla,  forming  a  convenient 
alighting-place  for  insects.    The  uppermost  stamen,  on  leaving  its 
attachment  to  the  corolla,  also  bends  downwards,  and  in  so  doing 
it  divides  the  entrance  to  the  honey-containing  part  of  the  tube 
into  two  passages  ;  it  then  proceeds  horizontally,  but  only  so  far  as 
the  mouth  of  the  corolla.    The  free  ends  of  all  the  stamens  curve 
slightly  upwards;  and  the  anthers,  which  dehisce  as  the  flower 
opens,  turn  their  pollen-covered  sides  upwards  ;  no  bee,  therefore, 
can  alight  without  dusting  its  ventral  surface  with  pollen.  Large 
humble-bees  bring  their  thorax,  smaller  ones  their  abdomen,  in 
contact  with  the  long  stamens,  while  the  smallest  bees,  which  fly 
right  into  the  flower,  must  at  least  come  in  contact  ventrally  with 
the  short  fifth  stamen.    The  style  lies  in  the  midst  of  the  stamens, 
and  divides  terminally  into  two  short  branches,  which  bear  the 
stigmas  at  their  ends.    When  the  flower  opens,  the  style  scarcely 
reaches  the  mouth  of  the  corolla;  its  distal  end  is  straight,  its  two 
branches  lie  close  together,  and  their  stigmas  are  apparently  in- 
capable of  fertilisation.    In  course  of  time  the  style  lengthens  till 
it  projects  10  mm.  beyond  the  mouth  of  the  corolla;  it  curves 
gently  upwards  at  its  outer  end,  and  its  two  branches,  now 
bearing  ripe  stigmas,   separate.    The   stigmas   now   lie  above 
and  in  front  of  all  the  anthers,  and  no  bee,  large  or  small,  can 
enter  the  flower  without  bringing  its  ventral  surface  in  contact 
with  them. 

It  is  evident  from  the  position  of  the  stigmas  that  cross- 
fertihsation  wdl  be  performed,  even  if  pollen  remains  upon  the 
anthers  when  the  stigmas  are  mature. 

MoHum  attracts  very  numerous 'and  various  insects,  as  the 
following  long  list  shows:— 
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A.  Hymenoptera— (a)  Apidw :  (1)  Apis  mellifica,  L.  very  ab  s  ■  (■>) 
Bombus  silvarum,  L.  ?  9,  s.  and  sometimes  also  c.p.  ;  (3)  B.  lapidariiis  L 

?  I  i''  ffi  S  asr°rUm'  R  ?  *  ;  (5)  B-  hortoru^>  L-  ?  ?  <J  ;  (6)  B.  terrestrial 
L.  ?  ^  ;  (7)  B.  muscorum,  F.  $  ;  (8)  B.  pratorum,  L.  9  ;  (9)  B.  Rajellus,  III 

9  ;  (10)  B.  hypnorum,  L.  9  ;  (11)  B.  (Apathus)  rupestris,  F.  9  ;  (12)  B  ves- 
talis,  Fourc.  ?  ;  (13)  B.  campestris,  Pz.  ?  £  ;  (14)  B.  Barbutellus,  K.  ?  ;  all 
these  thirteen  species  of  humble-bees  are  more  or  less  abundant,  especially  the 
first  five,  aU  only  suck,  except  B.  silvarum  ;  (15)  Anthophora  quadrimaculata, 
F.  2  6  (Thur.),  s.  and  c.p.,  ab.  ;  (16)  A.  furcata,  Pz.  ?  $  (Thur.),  s.  and  c.p.  ; 
(17)  Saropoda  bimaculata,  Pz.  ?  <J,  very  ab.,  s.  ;  (18)  Melecta  luctuosa,  Scop. 

9  (Thur.)  ;  (19)  Eucera  longicornis,  L.  £■  (20)  Andrena  fulvierus,  K.  $; 
(21)  A.  albicrus,  K.  $ ;  (22)  A.  labialis,  K.  $ ;  (23)  Halictus  nitidus', 
Schenck,  $  ;  (24)  H.  albipes,  F.  £  ;  (25)  H.  cylindricus,  F.  ?  $  ■  (26)  H. 
sexnotatus,  K.  ?  ;  Nos.  18—25  aU  s.  ;  (27)  H.  nitidiusculus,  K.  9 ,  c.p.  ;  (28) 
Noniada  sexfasciata,  Pz.  ? ,  s. ;  (29)  Ceratina  cccrulea,  Vill.  9 ,  s. ;  (30) 
Megachile  Willughbiella,  K.  s.  ;  (31)  M.  circumcincta,  K.  9,  s.  and  c.p.  ; 
(32)  Diphysis  serrabulse,  Pz.  $  ^ ,  s.  and  c.p.,  very  ab.  ;  (33)  Osmia  fusca, 
Christ,  (bieolor,  Schrank)  $  ,  s.  and  c.p.  ;  (34)  0.  senea,  L.  9  $ ,  s.  and  c.p. ;  (35) 
0.  csementaria,  Gerst.  9  £ ,  c.p.  and  s.,  very  abundant  in  Thuringia  and  Sauer- 
land,  building  its  nests  in  the  cavities  of  stones,  and  feeding  the  young  exclusively 
on  honey  and  pollen  of  Echium  ;  (36)  0.  adunca,  Latr.  9  $ ,  very  ab.,  also 
feeding  its  young  exclusively  en  honey  and  pollen  of  Echium  ;  (37)  0.  leu- 
comelsena,  K.  9,  c.p.  ;  (38)  0.  rufa,  L.  9 ,  s.  ;  (39)  Ccclioxys  quadridentata, 
L.  (=  conica,  L.)  9  s.,  ab.  ;  (40)  C.  conoidea,  111.  (punctata,  Lep.),  9,  s.  ; 
(41)  C.  simplex,  Nyl.  9 ,  s.  ;  (42)  C.  umbrina,  Sm.  9 ,  s. ,  (43)  Chelostoma 
nigricorne,  Nyl.  £  9 ,  s.  ;  (44)  Stelis  phsoptera,  K.  9 ,  s.  ;  (45)  St.  breviuscula, 
N.  s.  ;  (46)  Prosopis  hyalinata,  Sm.  9  >  s.  ;  (b)  Sphegidcc :  (47)  Crabro 
patellatus,  v.  d.  L.  9  c?!  (48)  Ammophila  sabulosa,  L.  9  ;  (49)  Psammophila 
affinis,  K.  9 ,  all  three  s. ;  (c)  Vespida: :  (50)  Odynerus  parietum,  L.  $ ,  s.  ; 
(d)  Chrijsidas :  (51)  Cleptes  semiaurata,  F.,  s.  ;  all  the  short-lipped  Hymeno- 
ptera creep  bodily  into  the  flower  to  reach  the  honey.  B.  Diptera — (a)  SyrpMdw : 
(52)  Rhingia  rostrata,  L.,  s.  ;  (53)  Helophilus  trivittatus,  F.,  f.p. ;  (54)  Syrphus 
pyrastri,  L.,  f.p.  ;  (55)  S.  arcuatus,  Fall.,  f.p.  ;  (56)  Melanostonia  ambigua, 
Fall.,  f.p.  ;  (b)  Conopidce :  (57)  Physocephala  vittata,  F.,  s.  C.  Lepidoptera — 
(«)  Rhopalocera :  (58)  Satyrus  Janira,  L.  ;  (59)  Pieris  brassicae,  L.  ;  (60) 
Lyctena  sp.  ;  (61)  Hesperia  sylvanus,  Esp.  ;  (62)  Colias  hyale,  L.  (Thur.)  ; 
(63)  Melitoea  cinxia,  L.  ;  (b)  Sphinges  :  (64)  Zygaena  lonicera;,  Esp.  (Thur.)  ; 
(65)  Macroglossa  stellatarum,  L.  ;  (c)  Nocture:  (66)  PI usia  gamma, L.,  ab.,  all 
sucking.  D.  Coleoptera — (67)  CEdemera  virescens,  L.,  crept  far  into  the  flower, 
and  seemed  to  reach  the  honey.  A  further  list  of  visitors  in  Low  Germany  is 
given  in  No.  590,  in.  A  list  of  Alpine  visitors  (seventeen  bees,  five  Lepido- 
ptera)  is  given  in  No.  609,  p.  262. 

A  review  of  this  long  list  of  insects,  many  of  which  frequent  the 
flowers  of  Echium  in  great  numbers,  shows  that  the  great  majority 
come  seeking  honey,  and  only  use  the  stamens  as  a  landing-place. 
The  females  of  bees  with  abdominal  collecting-brushes,  without 
any  special  effort,  sweep  up  pollen  with  their  abdominal  brushes, 
filling  them  after  a  few  visits.    The  flower  is  thus  so  convenient 
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for  them  that  several  of  these  bees  (Osviia  adunca  and  0.  ccemen- 
taria)  resort  to  it  exclusively,  both  for  their  own  food  and  for  that 
of  their  larva?.  Syi-phidcu  also  make  frequent  use  of  the  pollen, 
while  bees  with  tibial  or  femoral  collecting-baskets  seldom  gather 
it,  and  all  other  insects  come  solely  for  the  sake  of  honey.  The 
power  of  self-fertilisation  has  been  completely  lost. 

This  plant  is  gynodicecious.  The  female  flowers  differ  from  the 
hermaphrodite  in  having  a  much  smaller  corolla  and  shorter  pistil ; 
their  stamens  are  short,  and  the  anthers  contain  no  sound  pollen- 
grains  (Darwin,  167). 

Ccrinthe  glabra,  Mill.  (C.  alpina,  Kit.). — This  flower  is  adapted 
for  humble-bees.    Only  humble-bees  or  other  large  bees  can  cling 


Fk;.  142.— Ccrinlhe  glabra,  Mill. 

A.  — Flower  that  has  recently  expanded. 

B.  — Ditto,  in  section  (x  4). 

C— Older,  fully  expanded  flower  (x  7). 

», r  sepal;  co  corolla;  n,  nectary;  ov  ovary;  gr,  style;  ft,  filament, 
(lalo  Alp,  July  28,  1877). 

to  the  recurved  teeth  of  the  corolla,  and  hanging  beneath  the 
flower,  suck  the  honey  from  its  base.  In  doing  this  the  insect 
first  brings  its  head  in  contact  with  the  stigma,  and  then,  touching 
the  anthers  with  its  proboscis,  it  dusts  its  head  with  new  pollen, 
I  have  only  found  humble-bees  (JJomMs  dlUcola,  9  9),  but  those  in 
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great  numbers,  on  this  flower  {Alpenllumen,  p.  264 ;  named  there 
by  mistake  G.  major). 

Cerinthe  minor,  L.,  has  a  somewhat  different  structure,  and  is 
visited  and  fertilised  by  the  honey-bee  as  well  as  by  humble-bees 
(590,  in.). 

According  to  Kuhn,  Eritrichium,  Amsinckia,  Lithospermum, 
Pulmonaria,  Amelia,  and  Rockinia,  contain  dimorphic  species 
(399).  Darwin  considers  that  Amsinckia  and  Amelia  are  not 
dimorphic,  but  merely  show  extreme  variability  in  the  length  of 
their  stamens  and  style  (167). 

Mertensia,  Roth.,  is  dimorphic  according  to  Darwin  (167). 


REVIEW  OF  THE  BORAGINE^E. 

The  Boraginese  have  inherited  from  common  ancestors  a  short 
tube  which,  to  a  certain  degree,  conceals  their  honey. 

The  lower  forms  (Asperugo,  Echinospermum,  Omphalodes, 
Myosotis)  are  visited  and  cross-fertilised  by  flies  (especially  Syr- 
phidce),  bees,  and  Lepidoptera,  and  are  adorned  with  red,  violet,  and 
blue  colours  through  the  selective  taste  of  their  guests.  Many  species, 
in  the  course  of  individual  development,  seem  to  recapitulate  to  us 
the  evolution  of  their  colours — white,  rosy,  blue  in  several  species 
of  Myosotis;  yellow,  bluish,  violet  in  M.  versicolor;  and  red-,  violet, 
blue  in  Pulmonaria,  Echium,  etc.  Here,  white  and  yellow  seem 
to  have  been  the  primitive  colours;  and,  at  least  in  many  cases, 
violet  and  blue  seem  to  have  been  preceded  by  red — an  assump- 
tion which  is  strengthened  by  the  fact  that  many  blue  and  violet 
species  (Myosotis,  Anchusa,  Symphytum)  give  us  white  and  rose- 
red  varieties,  apparently  by  reversion  to  more  primitive  characters. 

Starting  from  these  simpler  forms,  we  meet  with  many  ad- 
vancing adaptations  for  fertilisation  by  bees.  Pulmonaria,  simply 
by  the  length  of  its  tube,  protects  its  honey  from  the  great  majority 
of  insects,  excepting  humble-bees,  and  insures  cross-fertilisation,  in 
the  event  of  humble-bees  visiting  it,  by  the  distinct  heterostylic 
condition.  Anchusa  reserves  its  honey  for  bees  still  more  effectually 
by  the  narrow  entrance  to  its  tube ;  and  according  to  Warming,  it 
shows  locally  a  tendency  (never  completely  attained)  to  become 
heterostyled.  Echium,  without  excluding  other  guests,  has  so 
adapted  the  form  of  its  flowers  for  the  convenience  of  bees,  that 
many  species  visit  it  in  great  numbers ;  and  it  insures  cross- 
fertilisation  by  proterandry  and  by  the  prominent  position  of  the 
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mature  stigma.  The  drooping  flowers  of  Borago,  and  the  position 
of  their  anthers,  exclude  all  insects  which  cannot  hang,  as  hees 
can,  below  the  flower  and  insert  their  proboscides  into  the  narrow 
opening.  Symphytum  and  Cerinthe,  finally,  besides  offering  the 
same  difficulties  as  Borago,  have  a  tube  which  requires  so  long  a 
proboscis  to  reach  its  base,  that  only  humble-bees  and  other  bees 
with  a  proboscis  equally  long  can  reach  the  honey. 

Ord.  CONYOLVULACEJi. 

311.  Convolvulus  arvensis,  L. — Sprengel  has  described  the 
chief  characters  of  this  flower  very  clearly,  contrasting  them  with 
those  of  G.  sepmm. 

The  funnel-shaped  corolla  is  yellow  at  the  base  internally, 
elsewhere  either  white  or  red,  and  marked  in  the  latter  case  with 


five  radiating  white  streaks.  These  "pathfinders,"  and  the  habit 
of  closing,  both  in  the  evening  and  in  rainy  weather,  mark  out  the 
flower  as  adapted  for  the  visits  of  diurnal  insects.  The  orange-red 
under  surface  of  the  ovary  secretes  honey,  which  is  lodged  in  the 
lowest,  narrowest  part  of  the  corolla,  and  sheltered  by  the  broad 
bases  of  the  stamens,  which  leave  five  narrow  openings  leading  to 
it.  The  stamens  arising  thus  with  broad  bases  from  the  corolla, 
adhere  to  it  for  a  short  distance,  and  then  curve  inwards,  coming 
close  together  around  the  style ;  the  filaments,  where  they  are  in 
contact  with  one  another,  are  closely  beset  with  small,  stiff  pro- 
jections, which  prevent  an  insect  from  thrusting  its  proboscis 
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between  them.  The  five  narrow  slits  between  the  stamens  near 
their  base,  are  thus  the  only  means  of  access  to  the  honey,  and  the 
insect  must  make  its  way  into  the  funnel  between  the  corolla  and 
the  stamens,  and  then  insert  its  proboscis  into  one  of  the  slits 
Since  the  stamens  dehisce  extrorsely,  an  insect  acting  in  this  way 
unless  it  be  too  small,  must  be  dusted  with  pollen;  and  the  two 
branches  of  the  stigma,  standing  well  above  the  anthers  and 
stretching  outwards  over  them,  are  touched  before  the  anthers  by 
the  insect.  In  absence  of  insects,  self-fertilisation  can  easily  occur ; 
for  if  the  flower  hangs  down,  or  if  the  corolla  withers  and  falls  off' 
the  pollen  readily  falls  upon  the  stigma,  and  even  in  erect  and 
fresh  flowers,  one  of  the  stamens  is  not  unfrequently  seen,  still 
covered  with  pollen,  in  contact  with  the  stigmatic  papilla?.  '  The 
flowers  have  a  peculiar  aromatic  smell,  which  seems  the  only  reason 
for  their  being  visited  so  much  more  plentifully  than  the  larger 
flowers  of  C.  sepium. 

Visitors  :  A.  Hymenoptera— Apidas :  (1)  Apis  mellifica,  L.  $  ,  very  ab  s 
and  c.p.,— to  suck,  it  creeps  down  into  the  base  of  the  flower,  dustina  its  bead 
and  backwitb  pollen,  which  parts  come  first  in  contact  with  the  stigma  in  each 
flower  ;  (2)  Halictus  mono,  F.  s.,  touching  neither  stigma  nor  authors  •  (3) 
H.  villosulus,  K.  ?  ;  (4)  H.  longulus,  Sm.  ? ;  (5)  H.  nitidiusculus,  K.  ?'  all 
three  c.p.  ;  they  usually  alight  on  the  stigma  and  then  proceed  to  the  anthers 
thus  effecting  cross-fertilisation  ;  (6)  Chelostoma  campanularum,  K.  s.,  like 
No.  2.  B.  Diptera— (a)  Empidas :  (7)  Empis  livida,  L.,  very  ab.,  s.,  thrusting 
its  proboscis  into  each  of  the  five  nectaries  one  after  another ;  (b)  Syrphidm : 
(8)  Helophilus  floreus,  L.,  s.  and  f.p:  ;  (9)  Eristalis  arbustorum,  L.,  s.  and  f.p.', 
takes  shelter  from  rain  in  the  flowers  ;  (10)  Syrphus  nitidicollis,  Mgn. ;  (11) 
S.  balteatus,  Deg. ;  (12)  Melithreptus  scriptus,  L.  ;  (13)  M.  tamiatus,  Mgn.,  all 
four  f.p.,— the  large  honey-sucking  flies  effect  cross-fertilisation  in  the  same  way 
as  No.  1,  the  smaller  pollen-feeding  flies  do  so  after  the  manner  of  Nos.  3—5  ;  (r) 
Mvscidce  :  (14)  Sepsis,  abundant  in  the  passages  leading  to  the  honey.  C.  Coleo- 
ptera— (a)  Nitidulidce :  (15)  Meligethes,  do.  ;  (b)  (Edemeridce :  (16)  (Edemera 
virescens,  L.,  f.p. ;  (c)  Cerambycidce :  (17)  Leptura  livida,  L.,  feeding  on 
pollen,  and  on  the  anthers.  D.  Hemiptera— (18)  Nabis,  s.  Eighteen 
additional  visitors  are  enumerated  in  No.  590,  in. 

Calystcgia  sepium,  E.  Br.  (Convolvulus  sepium,  L.). — The  flowers 
are  scentless  and  without  "  pathfinders."  In  spite  of  their  large 
size  and  conspicuous  white  colour,  they  are  only  scantily  visited 
by  insects.  They  remain  open  in  rain.  On  dark  evenings  (be- 
tween 8  and  10)  I  have  found  all  the  flowers  closed,  but  all  open 
on  moonlight  nights.  In  other  respects  the  flowers  are  similar 
to  those  of  Convolvulus  arvensis.  I  have  never  observed  crepus- 
cular or  nocturnal  insects  on  the  flowers,  but  several  of  my  pupils 
have  caught  numbers  of  flphinx  oohvolvuli  upon  them  in  the 
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evening.  In  the  daytime  I  have  sometimes  seen  Halictus  cylind- 
ricus,  K.  $,  and  Megachile  centuncularis,  L.  and  Empis  and 
Bhingia  in  special  numbers,  all  creejnng  into  the  base  of  the 
flower,  and  inserting  their  proboscides  through  the  slits  between 
the  filaments.  Bhingia  rostrata,  L.,  applies  its  labellse  fre- 
quently to  the  anthers,  stigma,  and  inner  wall  of  the  corolla, 
apparently  picking  up  scattered  pollen.  Meligethes,  Thrips,  and 
minute  Podurce  also  frequent  the  flowers  during  the  day. 

Delpino  mentions  Sphinx  convolvuli  as  a  fertiliser  of  C.  sepium 
(172,  352);  he  tells  me  by  letter  that  one  of  his  friends  catches 
this  insect  in  numbers,  standing  by  a  hedge  overgrown  with  the 
plant,  holding  thumb  and  forefinger  over  a  flower  and  closing  its 
orifice  when  the  insect  has  entered  ! 

In  England,  where  Sphinx  convolvuli  is  rare,  C.  sepium  seldom 
produces  seed  ;  in  Scotland,  where  S.  convolvuli  seems  not  to  occur, 
C.  sepium  is  rarely  found  wild  (773).  In  the  north  of  Ireland, 
according  to  Mr.  T.  H.  Corry,  G.  sepium  is  far  commoner  than 
G.  arvensis,  and  Sphinx  convolvuli  is  comparatively  frequent. 

Cusmta  Epithymum,  L.,  is  homogamous.  Honey  is  secreted 
by  the  lower  part  of  the  ovary,  and  is  sheltered  by  scale-like 
appendages  of  the  corolla.  The  flowers  are  visited  by  Sphegidoe, 
and  in  absence  of  insects  fertilise  themselves  (590,  ill.). 

Cuscuta,  according  to  Kuhn,  has  cleistogamic  flowers  (399). 

Ipomcea  pestigridis,  L.,  has  cleistogamic  flowers,  which  were 
known  to  Dillenius. 

Calonyction,  Chois. — The  flowers  are  sterile  to  their  own  pollen. 

Ord.  SOLANACEJE. 

312.  Solanum  tuberosum,  L.— The  peduncles  stand  almost 
horizontal  at  the  time  of  flowering,  and  the  five-pointed  rotate 
limb  of  the  corolla  becomes  nearly  vertical.  Five  anthers  meeting 
to  form  a  cone  project  from  the  flower  and  surround  the  style, 
which  protrudes  beyond  them  and  curves  more  or  less  downwards 
at  its  stigmatic  end.  All  the  stamens  bend  very  slightly  down- 
wards, and  the  lower  anthers  project  somewhat  in  advance  of  the 
others.  The  anthers  begin  to  dehisce  at  their  apex,  and  when 
touched  allow  a  little  pollen  to  fall  out ;  in  some  which  I  ex- 
amined a  large  quantity  of  pollen-grains  (from  -013  to  "021  mm. 
m  diameter)  remained  in  a  shrivelled  condition. 

Since  the  flower  secretes  no  honey  and  affords  little  pollen,  it 
is  very  scantily  visited  by  insects.    In  spite  of  repeated  watching, 
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I  have  only  occasionally  seen  two  common  Syrphidse,  Eristalis 
tenax,  L.,  and  Syritta  pipiens,  L.,  feeding  on  the  pollen.'  Darwin 
observed  the  flower  visited  by  humble-bees. 

The  stigma,  from  its  position,  must  be  touched  by  an  insect- 
visitor  before  the  anthers.  In  many  flowers  the  end  of  the  style 
curves  backwards  so  much  as  to  stand  beneath  the  anthers,  in  the 
line  of  fall  of  the  pollen,  so  that  self-fertilisation  may  in  such  cases 
occur.  Treviranus  was  therefore  not  wholly  wrong  when  he 
described  the  genus  Solanum  as  fertilised  by  the  style  curving 
backwards  to  meet  the  anthers  (742). 

313.  Solanum  Dulcamara,  L.,  is  likewise  devoid  of  honey, 
and  is  at  least  as  scantily  visited  by  insects  as  S.  tuberosum.  I 
have  seen  Rhingia  rostrata,  L.,  examining  the  greenish  spots  which 
glitter  like  drops  of  fluid  in  the  middle  of  the  violet  corolla,  and 
afterwards  stroking  the  tips  of  the  anthers  with  its  labellse.  Here 
S.  Dulcamara  seems  to  delude  the  fly  as  Parnassia  and  Lopezia  do 
(590,  III.,  pp.  20-22).  S.  Dulcamara  is  also  visited  by  pollen- 
collecting  Bombi,  and  pollen-feeding  Syrphidse  (609). 

314.  Solanum  nigrum,  L.— The  flowers  are  devoid  of  honey, 
but  I  have  repeatedly  seen  two  common  Syrphida?,  Melithreptus 
scriptus,  L.,  and  Syritta  pipiens,  L.,  feeding  on  the  pollen.  Both 
stroked  the  outer  side  of  the  anthers  with  their  labellse  from  the 
apex  downwards  as  far  as  the  middle  of  the  corolla.  Sprengel 
observed  bees  and  humble-bees  upon  the  flowers.  I  have  given  a 
further  account  of  the  flower  in  No.  590,  ill. 


Fig.  144. — Lycium  barbarum,  L. 

1.  — Flower,  viewed  from  the  front. 

2.  — Ditto,  in  section. 

a,  protecting  huirs ;  st,  stigma. 


315.  .Lycium  barbarum,  L.  (L.  vulgare,  Dun.). — Honey  is 
secreted  in  large  quantity  by  the  naked  ovary,  and  accumulates  in 
the  base  of  the  tube,  which  is  7  to  10  mm.  long.    The  corolla 


part  in.]        THE  MECHANISMS  OF  FLOWERS. 


427 


widens  out  above,  and  is  smooth  within,  except  that  a  ring  of  close 
woolly  hairs  surrounds  it  at  the  base  of  the  funnel-shaped,  ex- 
panded portion ;  on  a  level  with  this  ring,  five  similar  rings  of  hairs 
surround  the  five  stamens,  and  effectually  exclude  rain.  The 
corolla  divides  above  into  five  violet  lobes,  which  spread  out  to 
a  diameter  of  ]  6  to  22  mm.  The  funnel-shaped  mouth  is  light- 
coloured,  and  marked  with  dark -violet  lines  (pathfinders)  coursing 
towards  the  base  of  the  flower.  Stigma  and  anthers  ripen  to- 
gether, and  stand  at  the  same  height.  The  style  is  sometimes 
bent  upwards  above  the  anthers,  as  in  the  figure,  but  as  a  rule  it 
is  in  immediate  contact  with  them.  Insect-visits,  therefore,  may 
lead  equally  well  to  cross-  and  self-fertilisation  ;  and  in  absence  of 
insects  self-fertilisation  in  most  cases  takes  place. 

Visitors :  Hymenoptera — Apidce :  (1)  Apis  mellifica,  L.  $ ,  s.,  ab.  ;  (2) 
Bombus  agroriim,  F.  $ ,  s. ;  (3)  B.  lapidarius,  L.  $ ,  s.,  botb  very  frequent. 
See  also  No.  590,  111. 

Atropa  Belladonna,  L.,  is  likewise  adapted  for  humble-bees. 
I  have  seen  it  visited  by  nine  species  of  bees  and  by  Thrips 
(590,  ill.). 

Mandragora  vernalis,  Bert.,  is  proterogynous,  according  to 
Hildebrand  (351). 

lochroma  tubulosum,  Benth.,  is  proterogynous  with  persistent 
stigmas.  The  deep-blue,  pendulous  flowers  are  tubular,  widening 
out  at  the  mouth,  and  are  supposed  by  Delpino  to  be  fertilised  by 
humming-birds  (177). 

Scopolia  carniolica,  Jacq.  (S.  atropoides,  Schult),  is  protero- 
gynous (351). 

316.  Hyoscyamus  niger,  L.— Cross-fertilisation  is  insured, 
or  at  least  favoured,  by  the  prominent  position  of  the  stigma! 
Sprengel  found  the  plant  visited  by  humble-bees,  and  the  dimen- 
sions of  the  flower  seem  well  suited  to  these  insects.  I  have  seen 
only  Halidus  cylindricus,  F.  ? ,  collecting  pollen  on  the  flower. 

Browallia  data,  L.— The  corolla  is  hypocrateriform,  and  its 
mouth  is  blocked  by  the  much  expanded  filaments  of  the  two 
superior  stamens,  which  are  inserted  in  the  throat  of  the  corolla ; 
these  leave  only  two  very  narrow  openings  through  which  a  thin 
proboscis  may  pass.  The  proboscis  entering  in  this  way  touches 
the  anthers  (the  inferior  pair  of  which  is  inclosed  in  the  tube),  and 
also  the  stigma  which  stands  between  the  two  pairs  of  anthers  ;  the 
stigma  smears  the  entering  proboscis  with  viscid  matter  in  the 
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young  flower,  and  receives  pollen  from  it  in  the  old.  Delpino 
confers  that  the  brown  colour  of  the  broad  superior  stamens  I  a 
device  to  guide  insects  that  have  alighted  on  the  flower  towards  the 
pollen.  His  view  that  the  flower  is  fertilised  by  Sphingida  and 
Bombyluhe  is  opposed  to  this,  for  these  insects  seek  honey  only 
Species  of  Anthophora,  which  Delpino  thinks  may  possibly  be  also 
fertilisers,  are  likewise  scarcely  fitted  to  reach  the  pollen  of 
Browcdha  (178,  360). 

My  brother  Fritz  Miiller  tells  me,  in  a  letter  dated  November 
10,  1869,  that  he  finds  in  the  allied  genus  Franziscea  (Brunfelsia) 


Via.  145. 

fSefs  f^tfe  ^rS^'  Half  °f  COTOlla  aM  tW°  StamenS  have  bee"  remoraJ- 
The  dotted  line  indicates  tlie  path  which  the  insect's  proboscis  must  take  to  reach  the  honey. 


a  structure  similar  to  that  described  by  Delpino  for  Browallia.  A 
handsome  species  of  Franziscea,  occurs  at  Itajahy.  In  this  there 
are  two  lateral  entrances  to  the  tube,  but  between  them  the 
throat  of  the  corolla  is  blocked,  not  by  a  valve  formed  by  the 
stamens  (valvola  staminale,  Delpino),  but  by  the  style  which  bends 
forward  to  apply  itself  to  the  anterior  wall  of  the  corolla. 

Schizanthus,  Rz.  and  P. — The  two  stamens  are  inclosed  by  the 
lower  lip,  and  spring  up  when  an  insect  settles  on  the  latter  :  the 
stigma  is  at  first  shorter  than  the  stamens,  but  after  they  have 
burst  free  it  lengthens  and  projects  beyond  them,  so  as  to  be  now 
the  first  part  touched  by  an  insect-visitor  (346). 
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317.  Verbascum  nigrum,  L. — The  long  yellow  racemes  are 
very  striking,  and  the  flowers  are  made  still  more  conspicuous  by 
the  orange-red  anthers  and  violet  hairs  upon  the  filaments.  The 
plant  is  visited  by  very  various  species  of  insects. 

I  sought  repeatedly  for  honey  without  success,  and  had  come  to 
the  conclusion  that  the  flower  contained  none.  On  July  28,  1871, 
however,  towards  evening,  T  saw  a  small  moth,  JSphestia  elutella, 
Hiibn.,1  busy  sucking  very  assiduously  on  the  flowers  of  a  plant  of 
this  species  in  my  room.  Standing  on  a  petal,  it  thrust  its 
proboscis  down  between  two  stamens2  into  the  short  tube,  and 
applied  it  to  various  parts  of  the  inner  wall  of  the  corolla.  After 
spending  a  considerable  time  on  one  flower,  it  rolled  up  its  proboscis 
and  flew  off  to  another.  It  continued  these  operations  for  some 
minutes,  and  therefore  certainly  found  honey;  and  the  next 
morning  I  found  in  many  flowers,  but  not  in  all,  minute  drops 
of  honey  adhering  to  the  smooth  inner  surface  of  the  tube.  The 
flowers  afford  a  large  quantity  of  orange-red  pollen,  accessible  to 
all  insects ;  and  I  observed  that  in  the  case  of  Syrphus  lalteatus 
the  violet  clavate  hairs  form  a  third  attraction. 

The  position  of  the  parts  of  the  flower  makes  cross-fertilisation 
in  case  of  insect-visits  not  inevitable  but  exceedingly  likely,  while 
in  absence  of  insects  self-fertilisation  easily  occurs.  The  short  tube 
widens  out  into  a  flat,  five-lobed  limb,  which  takes  up  an  almost 
vertical  position:  the  inferior  lobe  is  the  longest,  and  the  two 
superior  are  shorter  than  the  lateral  lobes,  so  that  an  insect  settles 
most  conveniently  upon  the  inferior.  The  stamens  project  almost 
horizontally,  but  curve  slightly  upwards  from  the  tube,  and  diverge 
slightly  from  one  another ;  they  alternate  with  the  petals,  and  again 
the  superior  is  the  shortest  and  the  two  inferior  longer  than  the 
lateral.  The  anthers,  which  stand  close  together,  dehisce  aW 
their  outer  edge,  covering  themselves  almost  completely  with 
orange-red  pollen.  The  style  is  shorter  than  the  inferior  stamens 
and  bent  down  slightly  below  them.  An  insect  standing  on  the 
inferior  petal  generally  touches  the  knobbed  stigma  first,  on  its  way 

1  Named  for  me  by  my  friend  Dr.  Speyer,  of  Rhoden 

guides,  though  he  could  finfnt'  1  *22)  ^^ered  these  spots  to  be  honey- 
confirms  his  vLv  n°  h°ncy  m  tllc  ,lowel's     %  discovery  of  honey 
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to  the  anthers ;  and  thus  cross-fertilisation  is  favoured,  though  sterna 
and  anthers  ripen  together.  In  absence  of  insects,  self-fertilisation 
is  possible,  as  the  stigma  frequently  stands  in  the  line  of  fall  of 
the  pollen. 

Visitors  :  A.  Hymenoptera-^cfc (l)  Bombus  agrorum,  F  «  s  •  (2) 
.'  terrestris>  L.  9,8.  and  c.p.  ;  (3)  Andrena  pilipes,  F.  ?,  c.p. ;  (4)  Pros'opis 
signata  P,  ?  f.p.  .  (5)  P.  communis,  Nyl.  ?,  fPp.  B.  Dipti-(j)  Z!y- 
lidce :  (6)  Systoechus  sulfureus,  Mik,  s.  ;  (b)  SyrpMda:  (7)  Syrphus  balteatus, 
L>eg,  i.p.  and  licking  the  staminal  hairs  :  (8)  Eristalis  arbustoruni,  L  do  • 
(9)  Syritta  pipiens,  L,  do.  C.  Lepidoptera— Microlejridoptera  :  (10)  Ephestia 
elutella,  Hiibn,  s.  D.  Coleoptera— Nitidulidce :  (11)  Meligethes,  ab  E 
Thysanoptera  ;  (12)  Thrips,  ab.  F.  Neuroptera  ;  (13)  Panorpa  communis,  L 
licking  various  parts  of  the  flower. 

318.  Verbascum  phceniceum,  L.— The  structure  of  the  flower 
agrees  with  that  of  the  preceding  species,  but  I  have  hitherto  failed, 
as  SpreDgel  also  did,  to  discover  any  honey ;  I  have  never  seen  any 
insect  sucking  on  this  flower.  I  once  saw  Andrena  fulva,  Schrank, 
$ ,  insert  its  proboscis  into  three  or  four  flowers  and  then  immedi- 
ately withdraw  it ;  it  then  flew  away,  having  doubtless  failed  to 
find  anything. 

Visitors  :  A.  Hymenoptera— Apidce :  (1)  Apis  mellifica,  L.  $ ,  c.p. ;  (2) 
Bombus  muscorum,  L.  $ ,  c.p.  ;  (3)  Andrena  dorsata,  K.  $ ,  c.p.  ;  (4)  A.  fulva, 
Schrank,  $ ,  vainly  seeking  honey  ;  (5)  Halictus  sexnotatus,  K.  $ ,  c.p,— I 
could  see  clearly  how  this  bee  loosened  the  pollen  with  its  mandibles,  and 
swept  it  with  the  tarsal  brushes  on  its  fore  and  midlegs  into  the  collecting 
hairs  on  its  hindlegs.  B.  Diptera—  Syrphidce  :  (6)  Rhingia  rostrata,  L,  very 
ab,  f.p, — I  have  often  seen  a  specimen  of  this  fly  on  almost  every  flower,  eating 
pollen,  and  also  licking  the  staminal  hairs. 

319.  Verbascum  Thapsus,  L.  : — 

Visitors  :  A.  Hymenoptera— (a)  Apidce  :  (1)  Apis  mellifica,  L.  $  ;  (2)  Bom- 
bus Scrimshiranus,  K.  ?  ;  (3)  B.  hortorum,  L.v  $  ;  (4)  Halictus  smeathmanellus, 
K.  all  c.p.  ;  (5)  H.  cylindricus,  F.  ^  ;  (6)  Andrena  parvula,  K.  both  of 
these  seemed  to  be  sucking  ;  (&)  Sphegidce  :  (7)  Polistes  gallica,  F.  $  (Thur.), 
seemed  also  to  be  sucking.  B.  Diptera — Syrphidce :  (8)  Helophilus  floreus,  L.  ; 
(9)  Syritta  pipiens,  L.  ;  (10)  Ascia  podagrica,  F,  all  three  f.p. 

Verbascum  Lychnitis,  L. — I  saw  this  species  in  Thuringia,  visited 
by  species  of  Halictus  collecting  pollen,  and  by  Diptera  and 
Coleoptera  (590,  III.). 

Darwin,  in  Forms  of  Floivers,  shows  that  V.  Thapsus  and 
V.  Lychnitis  readily  produce  hybrids  in  a  state  of  nature  ;  and  that, 
since  these  hybrids  are  absolutely  barren  and  the  seli'-lVrtilised 
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plants  fairly  fertile,  in  this  case  insects-visits  by  promoting 
hybridisation  do  harm. 

According  to  Delpino,  the  Verbascums  are  adapted  for  pollen- 
collecting  bees,  which,  clinging  to  the  hairs  on  the  stamens,  clear 
the  pollen  off  the  anthers  and  fly  rapidly  to  another  flower.  I 
agree  with  this  view,  and  look  upon  it  as  the  most  plausible 
explanation  of  the  hairy  stamens.  But  from  my  own  observations 
it  is  clear  that  the  small  pollen-feeding  bees  (Prosopis)  and  Syrphidce 
are  very  frequently  the  fertilisers  of  this  genus.  Delpino  goes  too 
far  in  saying  that  the  flowers  of  Verbascum  are  adapted  solely  for 
bees  (esclusivamente  melitiofili),  and  that  the  visits  of  all  other  insects 
are  accidental  and  without  significance  (178,  II.,  pp.  296-298). 

Calceolaria  pinnata,  L.— Each  of  the  two  anthers  is  modified,  as 
in  Salvia  pratensis,  into  a  lever,  of  which  one  arm  bears  a  pollen- 
less  anther-lobe  and  stands  in  the  mouth  of  the  corolla.  When  this 
arm  is  touched  by  an  insect,  it  causes  the  other,  the  pollen-bearing 
lobe,  to  shed  its  pollen.  Self-fertilisation  may  take  place  in  the 
falling  off  of  the  corolla  (352). 

320.  Lin  aria  vulgaris,  Mill. — The  flowers  which  I  have 
examined  do  not  agree  in  all  points  with  Sprengel's  description. 
Honey  is  secreted  by  the  base  of  the  ovary,  which  is  especially 
prominent  anteriorly,  opposite  the  lower  lip.  As  a  rule  the  honey 
does  not,  as  Sprengel  thought,  leave  the  tip  of  the  spur  empty, 
flowing  down  at  intervals  in  large  drops  which  cannot  reach  the 
bottom  for  the  air  contained  there  ;  but  it  glides  in  a  smooth,  narrow 
groove,  bordered  by  short,  stiff  hairs,  which  passes  from  the  nectary 
between  the  two  anterior  stamens,  and  thence  to  the  tip  of  the  spur, 
which  it  fills  to  a  depth  of  5  or  6  mm.  or  even  more.  In  several 
hundred  flowers  which  I  examined,  I  found  two  which  corresponded 
in  this  point  with  Sprengel's  description,  so  it  seems  probable  that 
he  based  his  account  upon  an  abnormal  specimen. 

The  adjacent  sides  of  the  two  inferior  stamens  are  closely  beset 
with  pointed  processes  at  their  base,  which  protect  the  honey  from 
short-lipped  insects,  when  such  succeed,  as  ants  frequently  do,  in 
entering  the  flower.  The  hairs  bordering  the  groove  protect  the 
honey  in  like  manner  from  insects,  and  also  help  to  keep  it  in  its 
course ;  the  length  of  the  spur  would  be  of  no  advantage  unless 
the  honey  were  strictly  confined  to  it. 

The  length  of  the  spur  (10  to  13  mm.)  excludes  short-lipped 
bees  from  the  honey,  and  flies  and  beetles  are  prevented  from 
entering  the  floAver  by  the  tumid  lower  lip,  which  completely 
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closes  the  tube;  by  these  characters  the  flower  becomes  exclusively 
adapted  for  those  most  diligent  of  fertilising-agents  the  long 
proboscised  bees.  The  palate  of  the  lower  hp  is  of  a  bright  orange 
colour,  forming  a  "pathfinder".;  guided  by  this,  the  bee  presses 
down  the  lower  lip,  and  creeps  so  far  into  the  tube  as  to  be  able  to 
thrust  its  head  into  the  wide  part  of  the  spur  and  then  reach  the 
honey.  In  doing  this,  the  back  of  the  bee  comes  in  contact  with 
the  anthers  and  stigma ;  these  are  matured  simultaneously,  and  the 
stigma  lies  between  the  shorter  and  longer  pairs  of  stamens,  so  that 
the  bee  can  bring  about  both  cross-  and  self-fertilisation.  Probably, 
if  pollen  from  another  and  from  the  same  flower  are  applied  to  the 
stigma,  the  former  outstrips  the  latter.  In  absence  of  insects,  self- 
fertilisation  is  possible.    The  visitors  consist  exclusively  of  bees. 

Visitors:  Hymenoptera— (a)  Apidce :  (1)  Apis  inellifica,  L.  §,  very  ab. 
To  suck,  it  creeps  almost  entirely  into  the  flower  and  thrusts  its  head  into  the 
wide  entrance  of  the  spur,  which  it  empties  down  to  a  depth  of  2—3  mm.  It 
creeps  out  again  with  its  back  covered  with  pollen,  and  proceeds  more  fre- 
quently to  flowers  at  the  same  height  on  neighbouring  plants  than  to  higher 
flowers  on  the  same.  In  other  cases  I  have  seen  the  honey-bee  bite  a  hole  in 
the  spur,  and  empty  it,  as  Sprengel  describes.  Sprengel  has  correctly  described 
its  behaviour  while  collecting  pollen  :  "  It  slightly  separates  the  lower  lip  of  the 
corolla  from  the  upper,  and  thrusts  its  head  so  far  in  as  to  reach  the  anthers 
and  obtain  their  pollen."  (2)  Bombus  terrestris,  L.  $ ,  sucking  normally.  It 
inserts  its  head,  thorax,  and  forelegs,  into  the  flower,  then  thrusts  its  proboscis 
(7 — 9  mm.)  almost  to  the  tip  of  the  spur,  and  emerges  with  the  upper  surface 
of  its  head,  pro-  and  meso-thorax  thickly  covered  with  pollen.  Sometimes  it 
sweeps  off  part  of  this  pollen  with  the  brushes  on  its  fore  and  midlegs,  and 
places  it  on  the  hindlegs.  Sprengel's  idea  that  the  large  humble-bees  do  not 
enter  the  mouth  of  the  flower  is  accordingly  erroneous.  (3)  Bombus  hortorum, 
L.  J  $  an(i  3  •  I  have  very  frequently  seen  this  bee  empty  the  flowers  of  their 
honey,  which  it  can  do  more  quickly  owing  to  the  length  of  its  proboscis 
(17 — 21  mm.)  than  the  preceding  species.  Even  the  males  sometimes  swept  the 
pollen  off  their  heads  with  their  forelegs,  and  always  had  a  number  of  pollen- 
grains  on  all  their  tarsal  brushes  ;  (4)  Megachile  maritima,  K.  £  (8 — 9),  s.  ; 
(5)  Osmia  senea,  L.  $  (9 — 10),  repeatedly,  s.  and  c.p. ;  (6)  0.  leucomelscna,  K. 
(parvula,  Duf.),  $  (2£),  c.p. ;  (7)  Anthidium  manicatum,  L.  $  g  (9 — 10),  ab., 
both  s.  and  ( $  )  c.p.  ;  (8)  Andrena  Gwynana,  L.  $  (2J),  c.p.  ;  (b)  Formicida  : 
(9)  Various  species,  ab.,  s. 

Delpino  observed  Linaria  vulgaris  fertilised  by  the  hive-bee  and 
by  Bombus  italicus  (172). 

Linaria  alpina,  Mill.,  is  likewise  adapted  for  humble-bees,  but  is 
visited  by  Lepidoptera  also  (609). 

Linaria  minor,  Desf.,  is  very  rarely  visited  by  insects,  and 
fertilises  itself  regularly  (590,  in). 
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Linaria  Cymbal  aria,  Mill,  is  visited  chiefly  by  bees  (590,  ill.). 
Cleistogamic  flowers  occur  in  Linaria  according  to  Michalet  (524) 
and  Kuhn  (399). 

321.  Antirrhinum  majus,  L.— This  plant  differs  from  Linaria 
vulgaris  (1)  in  the  much  greater  size  of  its  flowers,  into  which  our 
largest  humble-bees  can  enter  bodily,  (2)  by  its  more  firmly  closed 
entrance,  which  excludes  the  smaller  bees,  (3)  in  its  nectaries  and 
honey  receptacles. 

The  honey  is  secreted,  as  Sprengel  suggested,  by  the  smooth, 
green,  fleshy  base  of  the  ovary,  whose  upper  part  is  paler  in  colour 
and  covered  with  fine  hairs;  but  it  does  not  flow,  as  Sprengel 
thought,  down  into  the  short  spur — which  is  hairy  within,  and  for 
that  reason  unfitted  to  be  a  honey-receptacle,  but  it  remains  ad- 
herent to  the  nectary  and  to  the  base  of  the  anterior  stamens.  The 
short  wide  spur  permits  the  insect's  proboscis  to  reach  the  honey 
from  below ;  above  and  in  front  it  is  protected  by  a  thick  fringe  of 
stiff,  knobbed  hairs  on  the  angles  of  the  anterior  stamens. " 

The  flowers  are  fertilised  chiefly  by  humble-bees,  of  which  I 
have  observed  the  following  species  :  (1)  Bombus  hortorum,  L. ; 
(2)  B.  tcrrcstris,  L. ;  (3)  B.  agrorum,  F.  ;  (4)  B.  silvarum,'  L. 
(5)  B.  lapidarius,  L.    The  females  and  workers,  and  in  late  summer 
the  males  also,  creep  bodily  into  the  flower,  and  creep  out  backwards 
dusted  on  their  backs  with  pollen.    From  time  to  time  they  brush 
off  the  adhering  pollen  from  their  thorax  with  the  tarsal  brushes 
of  the  fore  and  midlegs,  and  from  the  abdomen  with  the  tarsal  brushes 
of  the  hmdlegs.    Not  only  the  females  and  workers,  but  the  males 
also,  perform  this  action,  which  seems,  therefore,  to  be  done  more  for 
cleanliness  than  to  collect  the  pollen,  though  the  females  and  workers 
naturally  make  use  of  it,  placing  it  in  the  pollen-baskets  on  their 
hmdlegs     I  have  also  seen  Anthidium  manicaium,L.  ?,  Megaehile 
fasetata,  Sm.  6,  and  Osmia  rufa,  L.  ?,  creep  into  the  (lower  and 
emerge  with  their  backs  covered  over  with  pollen.    Smaller  bees 
only  exceptionally  creep  into  still  fresh  flowers,  and  are  useless  to 
the  plant :  I  have  only  once  seen  Megaehile  eentuneularis   L  2 
succeed  m  entering ;  on  the  other  hand  I  have  repeatedly  seen 
small  species  of  Hahetus  (K  zonulus,  Sm.  <?,  K  morio  F    9  ff 
Smecahmanellus  K.  2)  flying  from  flower  to  flower  —     >  ; 

nelft    l\°h     Tr'  "  WitWinS  ^  opened  slightly  Id 

permitted  them  to  enter.    This  showed  clearly  how  far  the  fast 
closure    f  the         h  ig  ^  to  ^  J  the  f 

could  enter  from  the  first,  they  would  use  up  much  of  the  honey" 


434  THE  FERTILISATION  OF  FLOWERS.       [part  hi. 

and  the  flowers  would  be  less  diligently  visited  by  the  humble- 
bees. 

Dr.  Ogle  found  that  Antirrhinum  produced  no  seed  when 
protected  from  insects  by  a  tent  of  gauze  (632). 

Maurandia,  Ort.,  Ghelone,  L.,  and  Pentstemon,  L'Her.,  are,  ac- 
cording to  Delpino,  proterandrous,  the  style  coming  to  occupy  the 
place  of  the  stamens.  In  the  two  last  genera,  the  stamens  are 
broad,  fleshy,  and  hollowed  out  at  the  base  to  secrete  and  lodge  the 
honey.  Pentstemon  is  fertilised  by  Bombus,  Anthidium,  and  Apis. 
(178,  360).  The  position  of  the  fifth  stamen  in  Pentstemon  and 
its  frequent  partial  or  complete  abortion  has  been  discussed  by 
Dr.  Ogle  (632).  A  very  thorough  account  of  the  floral  mechanism 
of  Pentstemon  is  given  by  Errera  (230). 

322.  Scrophula/ria  NODOSA,  L. — In  most  Lamiales  and  Per- 
sonales  the  anthers  lie  in  two  pairs,  one  behind  the  other,  and 


Pig.  146. — Scrophularia  nodosa,  L. 

1.  —Flower,  in  first  stage,  from  the  front  (x  7). 

2.  — Ditto,  from  below  (x  3£). 

3 —Older  flower,  fertilising  itself,  viewed  from  the  side. 

a,  calyx ;  b,  corolla  ;  c,  stamen  ;  c',  fifth  metamorphosed  stamen ;  d,  ovary ;  e,  style  ;  /,  stigma 
a,  nectary ;  ft,  drop  of  honey.  .  .    ,         ,    ...  . 

4_7. —Fifth  stamen  in  various  stages  of  reversion  towards  its  original  form  (x  12). . 
i,  black  membranous  lobe  ;  k,  anther-lobe. 

touch  an  insect-visitor  on  the  dorsal  surface ;  the  stigma  then,  to  in- 
sure cross-fertilisation,  must  also  touch  the  insect  on  the  back,  and 
the  style  can  scarcely  lie  elsewhere  than  between  the  two  pairs  of 
stamens,  along  the  upper  part  of  the  corolla.  The  superior  stamen 
comes  in  the  way,  and  accordingly  disappears ; 1  it  has  no  chance  of 
reappearing  permanently,  for  it  is  directly  injurious,  and  is  weeded 
out  by  natural  selection.     I  have  only  once  found  a  flower  of 

Cf.  Dr.  Oylc,  No.  632,  p.  51. 
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Lammm  album  with  five  stamens ;  the  upper  lip  was  absent,  and 
the  fifth  stamen,  which  stood  behind  the  other  four,  was  well 
formed,  but  shorter  than  the  others. 

In  ScropMclaria,  on  the  other  hand,  the  anthers  come  in  contact 
with  the  ventral  surface  of  the  insect.    The  fifth  stamen  is  thus 
useless,  but  not  injurious ;  whether  it  be  present  or  absent  is  of  no 
importance,  and  it  is  therefore  beyond  the  influence  of  natural 
selection.  Accordingly,  the  small  black  scale-like  appendage  on  the 
upper  wall  of  the  corolla  in  Scrophularia  (c,  1,  2,  3),  which  repre- 
sents the  fifth  stamen,  shows  not  unfrequently  more  or  less  com- 
plete reversion  to  its  primitive  form  (4-7,  Fig.  146).    The  more 
completely  it  approaches  its  typical  form,  the  more  perfect  also  are 
the  pollen-grains  which  it  bears ;  thus  in  the  anther  Jc,  4,  not  half  of 
the  pollen-grains  attained  the  normal  size        mm.  in  diameter)  j 
most  of  them  were  much  smaller  (ff$  mm.)  and  shrunken  j  in  the 
anther  k,  7,  only  a  few  pollen-grains  fell  short  of  the  normal  size. 
In  exceptional  cases  the  anther  even  dehisces,  and  lets  part  of  its 
pollen  escape. 

The  fl  owers  of  Hcropliularia  are  remarkable  for  being  speci- 
ally visited  by  wasps.     The  wide   globular    corolla    is  about 
5  mm.  in  diameter,  and  in  its  base,  near  the  superior  side,  two 
large  drops  of  honey  may  be  seen,  which  are  secreted  by  the 
yellowish  base  of  the  ovary.    Wasps  visit  the  flowers  in  great 
numbers ;  clinging  with  all  six  legs  to  the  outside  of  the  flower, 
with  the  abdomen  applied  to  it  below,  they  easily  insert  their 
heads  between  the  upper  and  lateral  lobes  of  the  corolla  and  reach 
the  honey  with  very  little  loss  of  time.1    In  young  flowers  they 
touch  the  stigma,  and  in  old  flowers  the  anthers  with  the  under- 
side of  the  head  and  of  the  pro-  and  meso-thorax,  and  thus 
regularly  fertilise  younger  flowers  with  the   pollen  of  old  as 
Spreogel  showed.    Severin  Axell's  doubts  regarding  the  possibility 
of  proterogynous  dichogamy  in  entomophilous  flowers  may  be 
easily  refuted  by  observing  Scrophularia  in  flower  in  the  open  air 
For,  as  Sprengel  showed  and  as  I  have  repeatedly  observed  flowers 
aie  constantly  to  be  seen  whose  stigmas  are  covered  with  pollen 
but  whose  anthers  are  still  unripe  and  hidden  within  the  corolla' 
Sprengel  is  wrong  in  saying  that  fertilisation  can  only  be  effected 
by  insects.     The  stigma,  when  supplied  with  pollen  by  insects 
bends  down  over  the  lower  lip  and  withers,  while  the  anthers  ripen 
aad  project  beyond  the  lower  border  of  the  corolla ;  but  in  absence 
ol  insects,  as  I  have  frequently  seen  in  plants  flowering  in  my 
1  Sec  Sprengel  (702),  Title-page,  6g.  xxv. 
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room,  the  stigma  remains  fresh  and  outstretched,  while  the  anthers 
dehisce  immediately  above,  letting  part  of  their  pollen  fall  upon  it. 
I  have  likewise  observed  on  plants  in  my  room  that  such  self-fertili- 
sation regularly  produces  capsules  filled  with  well-formed  seeds. 
In  long-continued  cold  and  wet  weather,  when  neither  wasps  nor 
bees  are  about,  all  the  capsules  of  Scrophularia  are  well  filled. 

In  sunny  weather  cross-fertilisation  never  fails,  for  all  our  wasps, 
except  V.  Grabro,  are  frequent  visitors. 

According  to  Mr.  A.  S.  Wilson,  wasps  on  Scrophularia  begin  at 
the  top  of  the  inflorescence  and  proceed  downwards  ;  so  that  here 
the  crossing  of  separate  plants  is  insured  just  as  it  is  in  proterand- 
rous  plants  with  elongated  inflorescences  (e.g.  Labiatse),  where  the 
fertilising-agents  (bees)  proceed  from  below  upwards  (77 8). 

Hymenoptera — (a)  Vespidce :  (1)  Vespa  vulgaris,  L. ;  (2)  V.  rufa,  L.  ;  (3) 
V.  germanica,  F.  ;  (4)  V.  media,  Deg.  ;  (5)  V.  holsatica,  F.,  all  s.,  very  ab ; 
(b)  Apidce :  (6)  Bonibus  agroruin,  F.  $  $ ,  s.,  scarce  ;  (7)  Halictus  sexnotatus, 
K.  $ ,  s.  and  c.p.  ;  (8)  H.  zonulus,  Sm.  <$ ,  s.  ;  (9)  H.  flavipes,  F.  $ ,  s.  See 
also  No.  590,  in. 

Scrophularia  aqiiatica,  L. — The  floral  mechanism  and  the  insect- 
visitors  are  similar  to  those  of  S.  nodosa  (590,  IIL)- 

Scrophularia  occurs  with  cleistogamic  flowers  (Kuhn,  No.  399). 
The  most  thorough  account  of  the  fertilisation  of  Scrophularia  is 
given  by  Mr.  W.  Trelease,  who  also  gives  a  r£sum6  of  the  special 
literature  (737). 

Collinsia  bicolor,  Bth.,  and  G.  verna,  Nutt. — In  these  flowers  the 
stamens  and  style  lie  near  the  lower  side  of  the  flower ;  the  fifth 
stamen,  modified  into  a  honey-gland,  and  the  honey-receptacle, 
which  consists  of  a  pouch  near  the  base  of  the  corolla,  are  on  the 
upper  wall.  The  flower  imitates  very  closely  the  Papilionaceous 
type,  even  to  the  production  of  alae,  vexillum,  and  carina. 
(Delpino,  No.  178).  In  absence  of  insects,  the  flowers  fertilise 
themselves,  and  are  fertile  to  their  own  pollen  (360). 

Mimulus  luteus,  L.  (M.  guttatus,  D.C.)— Bees  entering  the  flower 
touch  first  the  inferior  lobes  of  the  stigma,  which  cover  up  the 
anthers.  Immediately  afterwards  the  stigmatic  lobes  fold  up  and 
expose  the  anthers  to  be  touched  by  the  bee,  which  thus  becomes 
dusted  with  fresh  pollen  (Batalin,  No.  38). 

The  case  of  M.  Tillingii  is  quite  similar  (Behrens,  No.  49). 

Glossostigma  elatinoides,  according  to  Cheeseman,  has  a  similarly 

irritable  stigma  (132). 

Mimulus  (Diplacus)  glutinosus,  Wendl.,  var.  /3  (D.pumceus, 
Nutt.),  behaves  in  the  same  manner  (Hildebrand,  No.  352). 
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323.  Digitalitis  purpurea,  L. — Honey  is  secreted  by  an 
annular  ridge  surrounding  the  base  of  the  ovary  (a,  1,  2,  Fig.  147). 
This  ridge  is  not  '  covered  thickly  with  short  hairs '  as  Sprengel 
described  it,  but  is  perfectly  smooth ;  the  ovary  only  becomes  hairy 
above  the  ridge. 

The  anthers  and  stigma  lie  pointing  downwards  near  the  upper 
wall  of  the  corolla.  The  longer  stamens  are  ripe  before  the  shorter 
ones,  and  these  before  the  stigma.    The  dimensions  of  the  flower 


Fig.  117.— Digitalis  purpurea,  L. 

1.  —  Young  flower  after  removal  of  the  right  half  of  the  calyx  and  corolla.  The  taller  anthers 
are  on  the  point  of  dehiscing.  This  figure  should  he  turned  round  horizontally  in  the  direction  of 
the  arrow. 

2.  — Tip  of  style  of  the  same  flower,  enlnrged. 

3.  — A  somewhat  older  flower.  The  taller  anthers  are  now  empty,  the  shorter  pair  are  dehiscing 
Mid  are  covered  with  pollen.  Viewed  from  below,  after  removal  of  the  lower  half  of  the  calyx  and 
corolla. 

4.  — Tip  of  style  of  the  same  flower. 

5.  — Kmpty  anthers  and  stigma  of  an  old  flower,  from  below. 

suggest  that  it  is  adapted  for  humble-bees,  for  no  other  native 
insects  are  large  enough  to  touch  the  stigma  and  anthers  with 
their  backs  when  creeping  into  the  tube;  and,  as  a  matter  of  fact, 
humble-bees  are  the  only  fertilisers  of  the  Foxglove.  Sprengel,  on 
the  title-page  of  his  work,  represents  B.  tcrrestris,  ? ,  creeping  into 
this  flower.  When  bees  frequent  the  plant  abundantly,  all  the  four 
anthers  are  emptied  of  their  pollen  before  the  stigmatic  lobes 
[t>,  I,  Fig.  147)  separate.  In  absence  of  humble-bees," the  anthers 
remain  covered  with  pollen  until  the  stigmatic  lobes  have 
spread  apart;  and  then  when  the  corolla  falls  off  this  pollen  is 
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brought  in  contact  with  the  stigma,  or  some  may  even  have  fallen 
on  the  stigma  previously.  The  flowers  almost  always  bear  seed, 
even  in  long-continued  rainy  weather,  and  therefore  it  is  probable' 
that  self-fertilisation  is  effective ;  Hildebrand's  experiments  are  no 
evidence  of  the  contrary,  for  he  only  showed  that  the  stigma  before 
opening  is  incapable  of  fertilisation  (342).  The  large,  widely-open 
flowers,  naturally  receive  many  unbidden  and  useless  guests.  If  the 
plant  is  thus  at  a  disadvantage  in  comparison  with  Antirrhinum, 
it  has  at  least  the  advantage  of  letting  its  fertilising  .agents  do  their 
work  more  quickly,  visiting  more  flowers  in  a  given  time. 

Visitors  :  A.  Hymenoptera — Apidce :  (1)  Bombus  terrestris,  L.  $  ;  (2) 
B.  hortorum.  L.  $  ;  (3)  B.  agroruru,  F.  ? ,  all  three  ab.,  s.  ;  (4)  Andrena  coitana, 
K.  <j?  (Slcl.),  ab.,  c.p.  ;  (5)  Halictus  cylindricus,  F.  $ ,  ab.,  c.p.  B.  Coleoptera 
— (a)  Nitidulidce  :  (6)  Meligethes,  very  ab. ;  (b)  Cryptophagidce, :  (7)  Anthero- 
phagus  pallens,  01.,  scarce ;  (c)  Malacodermaia  :  (8)  Dasytes.  The  last  five 
are  quite  useless  visitors. 

Digitalis  lutea,  L.,  is  fertilised  by  Bombus  hortorum,  L.,  which 
can  only  insert  its  head  into  the  corolla  (609). 

Digitalis  ambigua,  Murr.  (D.  granclifiora,  Lam.),  is  fertilised  by 
humble-bees,  which  creep  bodily  into  the  corolla.  The  flower  is 
proterandrous,  and  bees  begin  at  the  base  of  the  raceme  and  pro- 
ceed upwards  (590,  III. ;  609). 

324.  Veronica  Chaivledrys,  L. — Honey  is  secreted  by  a 
yellowish  fleshy  disk  below  the  ovary,  and  lies  in  the  base  of  the 
tube  sheltered  from  rain  by  hairs  on  the  corolla.  The  flowers  are 
rendered  conspicuous  by  their  bright  blue  colour,  and  by  associa- 
tion in  racemes ;  dark  blue  radiating  lines  and  a  central  white  spot 
on  the  limb  of  the  corolla  guide  insects  towards  the  honey.  The 
anthers  and  stigma  ripen  together;  the  style  points  obliquely 
downwards  in  front  of  the  anterior  (inferior)  petal,  the  two  stamens 
diverge  on  either  side,  and  stand  opposite  to  the  lateral  petals ; 
fertilisation  can  therefore  only  be  effected  by  the  aid  of  insects. 
The  anterior  petal  forms  the  most  convenient  landing-place,  and 
the  stigma  is  usually  touched  before  the  anthers  by  the  ventral 
surface  of  the  insect.  The  insect  next  tries  to  cling  to  the  en- 
trance of  the  short  tube  with  its  forelegs,  and  in  doing  so  it 
catches  hold  of  the  thin,  flexible  bases  of  the  stamens  :  quite 
unintentionally  it  draws  the  stamens  inwards  beneath  it,  and  dusts 
its  ventral  surface  with  pollen.  The  thinning  of  the  style  at  its 
base  is  another  adaptation  towards  this  plan  of  cross-fertilisation, 
for  it  insures  that  the  stigma  shall  be  touched  by  the  ventral 
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surface  of  the  insect,  and  allows  of  the  style  being  so  slightly  in- 
clined that  its  presence  does  not  interfere  with  the  insect  when 
alighting.  An  insect  alighting  on  one  of  the  lateral  petals  some- 
times draws  the  stamen  opposite  to  this  petal  against  its  body,  but 
with  far  less  certainty.    The  chief  visitors  are  Syrphidce. 

Visitors:  A.  Diptera—  Syrphidce :  (1)  Rhingia  rostrata,  L.,  s.,  freq.  ;  (2) 
Melanostoma  mellina,  L.  ;  (3)  Ascia  podagrica,  F.,  both  very  abundant.  I 
repeatedly  saw  both  effecting  cross-fertilisation  in  the  manner  described.  B. 
Hymenoptera— Apidai :  (4)  Apis  mellifica,  L.  £  ,  c.p.  ;  (5)  Andrena  Gwynana, 
K.  ?  ;  (6)  A.  fulvicrus,  K.  ?  ;  (7)  Halictus  longulus,  Sm.  ? ,  the  last  three 
both  s.  and  c.p.  C.  Coleoptera—  Cisteliclcv :  (8)  Cistela  rufipes,  F.,  devouring 
the  anthers.    See  also  No.  590,  in.,  and  No.  609. 


Fio.  US.— Veronica  Chammdrys,  h 

1.  — Flower,  viewed  from  the  front. 

2.  —  Small  fly  {Ascia  podagrica,  Syrphida;)  hovering  in  front  of  the  flower,  attracted  by  its  colour. 

3.  — Flower  ut  the  moment  when  the  fly,  alighting  on  the  inferior  petal,  grasps  the  bases  of  the 
filaments,  and  strikes  the  anthers  together  against  ihc  under  surface  of  its  body. 

4.  — Centre  of  the  flower,  twice  as  much  enlarged. 

5.  — Pistil  and  nectary. 

6.  - Calyx,  with  pistil  and  nectary. 

7.  — Tube  in  longitudinal  section. 
id,  protecting  hairs  ;  gr,  style. 

Veronica,  urticifolia,  L.,  has  a  similar  floral  mechanism  to  that  of 
V.  Chammdrys,  and  is  likewise  fertilised  by  Syrphidce.  The  honey 
is  quite  exposed  without  any  contrivance  to  shelter  it.  The  flowers 
are  rose-pink,  which  is  probably  a  more  primitive  colour  than 
blue  both  in  Veronica  and  in  Myosotis  (589,  609). 

Veronica  montana,  L.,  is  more  conspicuous  and  more  abundantly 
visited  by  insects  than  V.  Chammdrys  (590,  609). 

325.  Veronica  Beccabunga,  L.— This  species  agrees  with  V. 
Chamccdrys  in  regard  to  its  nectaries  and  also  in  the  means  adopted 
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for  sheltering  and  pointing  out  the  honey.  It  differs  from  it  only 
in  certain  apparently  trivial  points,  viz.  in  the  development  and 
position  of  the  style  and  stamens :— yet  these  apparently  triflin* 
differences  greatly  influence  the  mode  of  fertilisation  and  the 
possibility  of  self-fertilisation  in  the  absence  of  insects. 

t  When  the  flower  opens,  the  stigma  is  already  well-developed  ; 
it  is  provided  with  long  papillae,  and  capable  of  holding  fast  pollen 
applied  to  it.  The  anthers  still  remain  closed.  The  stamens  and 
style  project  forwards  in  a  straight  line  from  the  flower  and  afford  a 
standing-place  for  insects.  In  cold,  windy,  or  rainy  weather  the 
flowers  only  open  partially,  and  the  anthers  remain  in  contact  with 
the  stigma,  leading  to  regular  self-fertilisation.  In  warm  sunshine 
the  petals  expand  widely,  coming  to  lie  almost  in  one  plane  ;  the 
stamens  are  caused  thereby  to  diverge  more  and  more,  and  the 
anthers  are  thus  removed  to  a  distance  from  the  stigma  before 


Fio.  1-1!).— Veronica  Beecabunga,  L. 

1.  — Flower,  viewed  obliquely  from  above,  so  that  the  upper  petal  is  foreshortened  (x  3). 

2.  —  Corolla,  after  removal  of  the  stamens,  viewed  from  the  front  (x  8). 

3.  — Flower,  after  removal  of  corolla  and  stamens,  seen  from  the  side  (X  7). 

a,  calyx;  b,  corolla;  e,  stamen;  d,  ovary;  e,  style;./',  stigma;  g,  nectary  (green) j  ft,  protecting 


dehiscing.  Insects  frequent  the  plant  in  considerable  numbers. 
The  most  abundant  visitor  is  a  small  species  of  Syrphidra,  Syritta 
pvpiens,  L. ;  hovering  backwards  and  forwards  in  its  jerky  flight 
before  the  flowers,  it  suddenly  alights  on  one;  sometimes  it 
settles  on  the  projecting  style  and  stamens,  which  bend  beneath  its 
weight,  and  creeps  forward  a  step  or  two  in  order  to  thrust  its 
proboscis  (3  mm.  long)  into  the  tube  (I  mm.) ;  sometimes  it  alights 
on  the  anterior  or  on  one  of  the  lateral  petals,  and  pulls  down  one  of 
the  stamens  with  its  forefeet  until  it  can  reach  the  pollen  with  its 
proboscis.  It  thus  brings  various  parts  of  its  body  in  contact  with  the 
anthers  and  stigma,  and  performs  sometimes  cross-fertilisation,  some- 
times self-fertilisation.  Most  usually  cross-fertilisation  results,  for  the 
nsect  alighting  on  the  projecting  style  and  stamens  usually  touches 
the  stigma  with  the  ventral  surface  of  its  body,  already  dusted  with 
pollen.    A  smaller  species  of  Syrphida?,  Ascia  podagrica,  F.,  visils 
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the  flowers  very  abundantly  and  in  a  similar  way.  All  other 
visitors  come  as  stragglers. 


A.  Diptera — (a)  Syrphhke :  (1)  Syritta  pipiens,  L.  ;  (2)  Ascia  podagrica, 
F.  ;  (3)  Eristalis  sepulcralis,  L.,  s.  and  f.p.  ;  (b)  Muscidcc  :  (4)  Scatophaga 
stereoraria,  L.,  s.  and  f.p.,  also  several  small  Muscidae.  B.  Hymenoptera — 
Apidce:  (5)  Apis  mellifica,  L.  $ ,  s.  ;  (6)  Andrena  parvula,  K.  $,  s.  and  c.p.  ; 
(7)  Halictus  sexstrigatus,  Schenck,  $ ,  s.  and  c.p. 

326.  Veronica  officinalis,  L. — The  flowers  do  not  open  so 
widely  even  in  warm  sunshine  as  do  those  of  V.  Chamcedrys.  In 
fully  expanded  flowers  the  upper  and  lower  petals  only  diverge  at 
an  angle  of  70°  to  80°,  and  the  two  lateral  petals  at  90°  to  100°. 
The  two  stamens,  which  are  very  thin  at  the  base,  project  from  the 
flower  at  an  angle  of  30°  to  40°  from  one  another,  and  from  the 
style  which  stands  below  them.  Insect-visitors  touch  the  stamens 
and  stigma  with  various  parts  of  their  bodies,  and  lead  to  cross- 
and  self-fertilisation  indiscriminately.  In  flowers  kept  in  the  house 
and  protected  from  insects,  the  stamens  bend  inwards  and  down- 
wards as  they  begin  to  wither  until  they  touch  each  other  and  the 
stigma,  producing  self-fertilisation.  The  thinning  at  the  base  of 
the  stamens,  which  in  V.  Chamcedrys  was  shown  to  assist  insects  to 
perforin  cross-fertilisation,  is  here  seen  to  aid  self -fertilisation  only. 

A  Diptera-(a)  Empidw :  (1)  Enipis  livida,  L.,  s.,  ab.  ;  (J)  SyrpMdte : 
(-2)  Helophilus  floreus,  L.,  s.  ;  (3)  Syritta  pipiens,  L.,  ab.,  s.  B.  Hymenoptera 
-Apidw :  (4)  Halictus  albipes,  F.,  c.p.  j  (5)  Bombus  (Apatbus)  vestalis. 
Jfourc  ?,  b.  ;  (6)  B.  Barbutellus,  K.  ?,  s.-this  large  bee  seemed  dissatisfied 
with  the  small  amount  of  honey,  for  after  visiting  a  few  flowers  it  went  off  to 
(rtechoma  hederacea.    See  also  No.  609. 

327.  Veronica  spicata,  L.  (Thuringia).—  V.  spicata  shows  a 

remarkable   tendency  to  vary  between  proterandrous  and  pro- 

terogynous  dichogamy.     On  many  plants,  the  style  protrudes 

before  the  flower  is  fully  opened  {b,  4),  and  curves  downwards 

and  ripens  its  stigma  before  the  anthers  dehisce  (b,  5).    On  other 

plants,  when  the  flower  opens,  the  style  is  much  shorter  than 

the   stamens   (b,  1,  2),  and   only  reaches  its  full  length  and 

ripens  its  stigma  when  the  anthers  have  been  emptied  of  their 
pollen  (b,  3). 

On  plants  of  both  sorts,  flowers  not  unfrequently  occur  whose 
tyles  never  reach  their  full  development,  but  remain  concealed  in 
cue  tube ;  and  on  some  plants  this  is  the  case  throughout  all  the 
flowers     Ihese  aborted  styles  are  often  double  (b,  8).    Honey  is 
secreted  by  the  fleshy  base  of  the  ovary  (h,  6,  7)  ;  it  lies  in  the 
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tube  of  the  corolla,  which  is  about  2  to  3  mm.  long,  and  is  sheltered 
from  rain  by  a  ring  of  long  stiff  hairs  at  the  mouth  of  the  tube. 
In  case  of  insect-visits,  cross-fertilisation  is  insured  by  the  proter- 
androus  or  proterogynous  condition,  and  by  the  situation  of  the 
stigma  which  projects  beyond  the  anthers.    I  have  never  observed 


Fio.  150. — Veronica  spicata,  L. 

1.  —Flower,  shortly  before  dehiscence  of  the  anthers  (a),  viewed  from  the  front  The  stigma  (b) 
is  still  immature,  and  stands  far  below  the  anthers. 

0,  superior  petal ;  ss,  lateral,  u,  inferior,  petals. 

2.  — Ditto,  somewhat  more  expanded,  from  the  side. 

3.  — Ditto,  from  the  side.  The  anthers  have  withered ;  the  stigma  is  mature,  and  stands  below 
and  in  front  of  the  anthers  (x  3}). 

4.  — Young  flower,  from  another  individual.  The  style  already  protrudes  from  the  flower,  and 
tho  stigma  is  so  far  developed  that  pollen  readily  adheres  to  it.  The  anthers  are  still  closed  and 
concealed  within  the  tube. 

5.  —Another  somewhat  older  flower,  from  the  same  individual,  viewed  from  the  front.  The  stigma 
is  fully  ripe,  the  anthers  are  in  the  net  of  dehiscing  (x  3J). 

Ci. — Ovary  and  nectary  (ft)  from  the  side. 

7.  — Nectary,  ufter  removal  of  the  ovary,  from  above. 

8.  — An  ovary,  with  two  imperfect  styles  (x  7). 

self-fertilisation,  though  it  may.now  and  then  take  place  by  pollen 
falling  on  the  stigma. 

Visitors  :  Hyruenoptera— (a)  Apidce  :  (1)  Apis  mellifica,  L.  $ ,  c.p.,  or  s.  ; 
it  even  thrusts  its  proboscis  into  the  lowest,  oldest  flowers  whose  corolla? 
have  fallen  off;  (2)  Prosopis  communis,  Nyl.  ?  6%  s- 5  (b)  Sphegida: 
(3)  Psammophila  viatica,  L.  (4)  Cerceris  labiata,  F.  $  <J,  ab.,  s.  ;  (5) 

C.  nasuta,  Kl.  s. 

Near  Bozen  according  to  Gerstacker,  V.  spicatais  visited  chiefly 
by  species  of  Xylocopa  (X  violacea,  L.,  X.  cyanescens,  Brulk'  X. 
valc/a,  Gerst.). 

328.  Veronica  hedemsfolia,  L.— The  small,  solitary,  pale 
flowers  are  less  conspicuous  than  those  of  any  other  species  described 
here  ;  they  are  very  seldom  visited  by  insects,  but  almost  without, 
exception  bear  good  seed,  and  the  species  is  one  of  the  commonest  of 
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its  genus.  The  presumption  that  this  results  from  self-fertilisation 
is  increased  by  watching  the  plant  when  protected  from  insects. 
When  the  flower  opens,  the  anthers  are  seen  to  have  already  de- 
hisced, and  to  have  their  pollen-covered  surfaces  applied  to  the 
stigma.  I  have  myself  observed  that  when  insects  are  excluded 
the  plant  regularly  bears  good  seed. 

The  honey  is  secreted  and  sheltered  as  in  V.  Chamccdrys ;  the 
stamens  are  however  not  thinned  at  their  bases.  Even  in  case  of 
insect-visits,  cross-fertilisation  is  not  rendered  more  probable  than 
self-fertilisation ;  but  when  it  does  occur,  its  action  probably  has 
the  mastery. 

I  have  only  seen  this  flower  visited  by  insects  occasionally  in 
the  first  sunny  days  of  spring  ;  later  in  the  season,  the  competition 
of  other  flowers  causes  it  to  be  neglected.  ' 

Visitors:  Hymenoptera — Apidce :  (1)  Andrenaparvula,  K.  ?,s.  ;  (2)  Ha- 
lictus  nitidiusculus,  K.  $  ;  (3)  H.  leucopus,  K.  $  ;  (4)  H.  albipes,  F.  $ ,  all 
three  rather  abundant,  sucking  on  a  small  slope  where  few  other  plants  were 
in  flower  (April  11,  1869). 

Veronica  agrestis,  L.,  possesses  the  same  floral  mechanism  as 
V.  Ghamcedrys,  but  in  an  imperfect  or  rather  in  a  retrograde 
condition  (590,  ill.). 

329.  Veronica  serpyllifolia,  L. — The  flowers  are  rendered 
more  conspicuous  than  those  of  V.  hedercefolia,  by  dark  violet  lines 


Fig.  151.— Veronica  serpyllifolia,  L. 

1  —Flower,  front  view. 

2.— Diagram  of  ditto 

o,  stigma;  b,  stamen;  c,  petal;  d,  sepal. 


on  the  superior  and  lateral  petals.  They  are  doubtless  more 
visited  by  insects,  and  more  frequently  cross-fertilised ;  and  accord- 
ingly self-fertilisation  does  not  take  place  at'  so  earlv  a  stage 

In  many  flowers,  the  anthers  are  at  first  closed,  while  the  stigma 
is  lully  ripe ;  m  this  condition,  insect-visits  naturally  lead  at 
once  to  cross-fertilisation.    In  most  flowers,  on  the  other  hand 
the  stigma  and  anthers  ripen  together;  the  anthers  stand  more 
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or  less  close  above  and  at  the  sides  of  the  stigma,  turning  their 
pollen-covered  faces  towards  it;  in  many  cases  they  stand  so 
close  that  the  pollen  in  being  forced  out  is  directly  applied  to 
the  stigma. 

On  plants  which  I  kept  in  my  room,  I  have  seen  Calliphora 
crythrocephala,  Mgn.  (Muscidae),  sucking  honey  and  fertilising  the 
flowers.  It  thrust  its  proboscis  several  times  into  each,  and  there- 
fore where  anthers  and  stigma  had  ripened  together,  it  performed 
cross-  and  self-fertilisation  indifferently. 

V.  saxatilis,  Sep.  (V.  fruticans,  Jacq.). — The  small,  but  brightly 
coloured  flowers  of  this  plant  are  fairly  conspicuous,  and  secrete 
abundant  honey.  The  visitors  are  numerous,  and  the  mechanism 
of  fertilisation  is  the  same  as  that  of  V.  Chamcedrys. 

V.  bcllidioidcs,  L.,  has  no  trace  of  the  special  adaptations  for 
cross-fertilisation  that  V.  Chamcedrys  shows.  Insect-visitors  are 
scarce,  and  cross-fertilisation  can  only  take  place  if  they  happen  to 
touch  the  stigma  and  anthers  with  different  parts  of  their  bodies. 

V.  alpina,  L. — The  tiny  flowers  are  very  rarely  visited  by 
insects,  and  in  dull  weather  they  remain  closed  and  fertilise 
themselves.1 


REVIEW  OF  THE  GENUS  VERONICA. 

In  this  genus,  as  in  Polygonum,  Geranium,  and  others,  the  cer- 
tainty of  cross-fertilisation  in  case  of  insect-visits,  and  the  abandon- 
ment of  the  power  of  self-fertilisation  even  in  absence  of  insects, 
run  parallel  with  the  conspicuousness  of  the  flowers  and  the  con- 
sequent certainty  of  their  being  visited.  The  chief  species  that 
we  have  discussed  may  be  arranged  in  the  following  order  of 
conspicuousness,  taking  into  account  the  appearance  of  the  whole 
inflorescence  :— (1)  V.  spicata,  (2)  V.  Chamcedrys,  (3)  V.  officinalis, 
(4)  V.  Beccdbunga,  (5)  V.  serpyllifolia,  (6)  V.  hcdercefolia.  In 
case  of  insect-visits,  cross-fertilisation  is  rendered  absolutely  certain 
in  the  first,  and  extremely  probable  in  the  second  of  these,  but  in 
all  the  rest  self-fertilisation  is  just  as  likely.  In  absence  of  insects, 
on  the  other  hand,  self-fertilisation  never  or  very  rarely  takes  place 
in  the  first  and  second  ;  in  the  third  it  occurs  regularly,  but  only 
when  the  flower  withers;  in  the  fourth,  it  regularly  takes  place  in 

1  Lists  of  visitors  to  the  following  additional  species  of  Veronica  are  given  in  my 
IVcitere  Bcobachlungcn,  Pt.  ni.  :  V.  Anagallis,  L.,  V.  triphyUos,  L.,  V.  arvensis,  L. ; 
and  the  following  are  discussed  and  figured  in  my  Alpcnblwmen :  V.  alpina,  U, 
V.  aphylla,  L.,  V.  bcllidioidcs,  L.,  V.  saxatilis,  Sep. 
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dull  weather  while  the  flower  is  still  fresh ;  in  the  fifth  it  occurs  in 
many  flowers,  and  in  the  sixth  in  all,  at  the  very  outset.  The 
honey  is  secreted  and  guarded  in  much  the  same  manner  in  all  six 
species,  and  so  the  likelihood  of  insect-visits  can  only  depend  upon 
the  conspicuousness  of  the  flowers. 

Wulfmia  carinthiaca,  Jacq.,  is  proterogynous  (Hildebrand, 
No.  351). 

Bartsia  alpina,  L.,  is  proterogynous,  and  is  fertilised  by  humble- 
bees.  The  stigma  and  anthers  have  the  same  relative  positions  as  in 
Rhinanthus  major  (Fig.  156).    Self-fertilisation  is  impossible  (609). 

330.  Odontites  serotina,  Rchb.  (0.  rubra,  Pers.,  Euphrasia 
Odontites,  L.). — Honey  is  secreted  by  the  lower  parts  of  the  ovary, 
which  is  smooth,  and  swollen  anteriorly  (b,  6),  while  the  upper  part 


Fig.  152.— Odontites  serotina,  Rchb.  • 
1.— Bud,  with  exserted  stigma  (x  3}). 

Flower,  with  the  stigma  lying  between  the  anthers.3 
:,  £  ower'  whose  style  projects  far  beyond  the  anthers. 
4.— Flower,  m  which  tlie  style  lies  to  one  side. 

fiZ6vatW°  stamens  of  the  left  half  of  the  flower,  seen  from  the  inside  (x  7) 
(The  flowers  2  and  4  shouid  slant  more  forwards  than  they  are  here  figured.) 

is  hairy  :  it  is  lodged  in  the  base  of  the  corolla,  whose  tube  is  4  to 

0  mm.  long,  and  smooth  within;  the  broad  stamens,  which  almost 
block  the  entrance  of  the  tube,  guard  it  from  rain,  and  two  to  four 
purple  spots  at  the  base  of  the  lower  Hp  serve  as  guides  towards  it. 

1  he  stamens  almost  touch  each  other  below,  where  they  are 
covered  on  their  inner  sides  with  sharp  points ;  close  under  the 
anthers  they  are  smooth  and  lie  more  widely  apart.  A  bee,  after 
alighting  on  the  three-lobed  under-lip,  which  affords  a  convenient 
landing-place,  can  only  thrust  its  proboscis  into  the  flower  close 
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below  the  anthers,  in  the  position  h,  2,  and  in  doing  so  it  cannot  fail 
to  touch  the  downward-pointing  ends  of  some  of  the  anthers.  The 
four  anthers  are  held  together  posteriorly  by  matted  hairs  (e,  5), 
and  anteriorly  dehisce  from  the  apex  inwards  (5,  Fig.  152)  by  a 
wide  fissure ;  so  that  a  single  touch  on  the  part  of  the  bee  is  com- 
municated to  all  the  anthers,  and  causes  them  all  to  shed  a  part  of 
their  dry,  dusty  pollen.  Hairs  directed  downwards  at  the  edges 
of  the  anthers  (/,  5)  prevent  the  pollen  being  scattered  at  the  sides, 
so  that  great  part  falls  on  the  bee's  proboscis,  and  is  carried  to  the 
stigma  of  another  flower. 

The  development  of  the  flower  of  Odontites  serotina  varies  in  a 
peculiar  manner,  and  seems  to  depend  upon  the  more  or  less 
sunny  nature  of  the  spot.  The  style  bearing  the  fully-developed 
stigma  usually  projects  far  out  of  the  bud  shortly  before  it  expands 
(1,  Fig.  152),  and  the  flower  can  therefore  be  cross-fertilised  when 
it  is  scarcely  open.  In  shady  places,  for  instance  among  corn,  the 
style  lags  behind  while  the  corolla  and  stamens  continue  to  grow, 
so  that  the  stigma  stands  between  the  taller  anthers  and  gets  self- 
fertilised  (2,  Fig.  152).  From  the  great  productiveness  of  all  the 
capsules  in  shady  places  where  insect-visits  are  rare,  we  may  con- 
clude that  such  self-fertilisation  is  efficient.  In  sunny  spots  the 
style  continues  to  grow  along  with  the  corolla  and  stamens,  and 
overtops  the  anthers  to  the  last ;  it  may  either  lie  above  the  latter 
(3,  Fig.  152)  or  project  at  the  side  (4,  Fig.  152).  In  this  case,  the 
stigma  can  only  receive  pollen  by  the  aid  of  insects,  and  from  other 
(either  older  or  younger)  flowers.  Although  this  difference  seems 
in  general  to  depend  upon  the  sunny  or  shady  character  of  the 
spot,  other  unknown  conditions  (perhaps  heredity)  must  co-operate ; 
for  I  have  sometimes  observed  in  the  same  spot,  and  even  on  the 
same  plant,  flowers  which  fertilised  themselves,  and  others  incapable 
of  doing  so. 

An  imperfection  in  the  flowers  deserves  special  mention.  The 
upper  lip,  as  the  figure  shows,  projects  so  slightly  that  the  anthers 
in  great  part  protrude  beyond  it  and  are  unprotected.  This  is 
sometimes  the  case  to  such  a  degree  that  bees  thrust  their  tongues 
into  the  flower  above  the  stamens,  and  thus  suck  honey  and  shake 
out  the  pollen  without  leading  to  fertilisation. 

I  have  only  seen  bees  visiting  this  plant. 

(1)  Apis  mellifica,  L.  §,veryab.,  thrusting  its  proboscis  into  the  Bower 
usually  below  the  stamens,  but  sometimes  above  fliem,-  it  inserts  its  proboscis 
even  into  young  unexpanded  flowers,  witl  long  exserted  styles ;  (2)  Bombtts 
lapidaTks,  L.  ?      s.  ;  (3)  13.  silvarmn,  L.  ?  $,  s. 
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331.  Odontites  lutea,  Rchb.  (Rehrnberg,  near  Miihlberg, 
Thuringia). — Honey  is  secreted  by  the  smooth  lower  half  of  the 
ovary,  which  is  hairy  above ;  it  lies  in  the  base  of  the  corolla- 
tube,  which  is  21-  mm.  long,  and  is  smooth  within,  but  provided  with 
reflexed  hairs  at  its  mouth.  The  stamens  stand  apart,  but  from 
the  small  size  of  the  flower  they  are  all  easily  touched  at  the  same 
time  by  an  insect ;  there  is  no  provision  of  hairs  to  prevent  scatter- 
ing of  the  pollen ;  the  slits  by  which  the  anther-lobes  dehisce  are 
narrower  than  in  Euphrasia  officinalis.  The  style  often  protrudes 
from  the  bud  (3,  Fig.  153),  and  Hildebrand  describes  the  flower  as 
proterogynous ;  in  other  cases  it  is  bent  backwards  in  the  bud, 
under  the  lower  lip,  and  emerges  together  with  the  stamens  on 
the  opening  of  the  flower.    The  stigma  comes  to  maturity  at  the 


Fig.  153.— Odontites  lutea,  Rchb. 

1.  — Flower,  from  the  side  ( x  3£  . 

2.  — Ditto,  from  the  front. 

3.  — Bud,  from  the  side. 
i. — Anther. 


same  time  as  the  anthers,  and  stands  below  and  in  front  of  them  ■ 
it  is,  therefore,  usually  touched  first  by  insect- visitors.  In  ab- 
sence of  insects,  some  pollen  generally  falls  upon  the  stigma.  I 
have  only  once  (August  28,  1869)  seen  a  bee,  Bomlus  muscorum, 
L.  9 ,  sucking  honey  on  the  flower. 

Euphrasia  mmima,  Schleich.,  is  sparingly  visited  by  insects,  and 
in  their  absence  it  fertilises  itself  regularly.  The  flower  resembles 
in  structure  the  small-flowered  form  of  E.  officinalis  {i.e.  E.  gracilis 
Jord.)  (609). 


532.  Euphrasia  officinalis  (L.),  Schk.— Honey  is  secreted 
sheltered  as  in  Odontites  serotina.  The  tube  of  the  corolla  is 
6  mm.  long,  but  widens  considerably  at  the  outer  end  ;  so  that 


448 


THE  FERTILISATION  OF  FLO  WEES.  [part 


an  insect  with  a  proboscis  less  than  4  mm.  long  can  reach  the 
honey  by  thrusting  its  head  into  the  wide  part  of  the  tube. 

The  upper  lip  forms  a  vaulted  roof  over  the  stamens  ;  it  shelters 
the  honey  at  the  base  of  the  tube  from  rain,  and  prevents  an  in- 
sect's proboscis  from  being  thrust  in  above  the  stamens,  as  was 
possible  in  Odontites  serotina.  The  three-lobed  under-lip  forms  a 
convenient  landing-place  for  the  smaller  visitors,  and  affords  foot- 
hold for  the  forelegs  of  larger  ones.  An  orange  spot  on  the  under 
lip,  another  at  the  entrance  of  the  tube,  and  dark  violet  lines  con- 
verging towards  the  mouth  on  both  upper  and  lower  lips,  serve  as 


Fig.  154. — Euphrasia  officinalis,  L. 

1  —Flower  of  tlie  small-flowered  form,  seen  from  the  front  (x  7). 

•2  —The  two  stamens  of  the  right  half  of  the  flower,  from  the  outer  side. 

3—  Ditto,  more  magnified,  from  the  inner  side. 

4  —Flower  of  the  large-flowered  form,  just  after  opening,  from  the  side  ( x  3,). 
o,  stigma ;  6,  upper  half  of  the  upper  anther  ■  c,  lower  half  of  the  upper  anther  connected  with 
the  upper  half  of  the  lower ;  d,  lower  half  of  the  lower  anther ;  e,  style. 


pathfinders.  As  in  Odontites  serotina,  the  pollen  is  smooth  and 
powdery,  and  falls  on  the  head  or  proboscis  of  the  visitor;  but  the 
details  of  the  process  by  which  the  pollen  is  scattered  are  unlike 
those  of  the  former  species.  While  in  Odontites  serotina  the 
anthers  are  only  held  together  posteriorly  by  matted  hairs  m  A 
officinalis  the  lower  anther-lobe  of  the  upper  stamen  on  each  side 
coheres  with  the  upper  anther-lobe  of  the  lower;  and  the  two 
superior  anthers  further  cohere  firmly  together.  Another  peculi- 
arity s  directly  connected  with  this.    While  in  Odontites  serotina 
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all  the  antlier-lobes  end  alike  in  short  points,  in  E.  officinalis  the 
upper  lobe  of  each  anther  is  blunt,  but  the  lower  is  provided  with 
a  thin,  stiff  sjnne  (3,  Fig.  154).  Of  these  four  spines  it  is  almost 
exclusively  the  two  lower  ones  that  come  in  contact  with  insects ; 
for  not  only  are  they  much  longer  than  the  upper  ones,  but  the 
stamens  which  bear  them  are  inclined  at  an  an^le  of  about  60° 
from  the  upper  pair,  and  their  anthers  bend  downwards  so  much 
that  the  spines  stand  well  down  in  the  mouth  of  the  flower  (1, 
Fig.  154).  In  Odontites  scroiina  the  pointed  anther-lobes  must 
themselves  be  touched  for  the  pollen  to  be  shaken  out,  and  the 
broad  filaments,  placed  close  together  and  set  with  sharp  points  on 
their  inner  side,  insure  this.  In  E.  officinalis,  on  the  other  hand, 
it  is  sufficient  if  one  of  the  long  spines  on  the  lower  anthers  be 
touched,  and  accordingly  the  filaments  curve  widely  apart,  standing 
close  to  the  wall  of  the  corolla;  and  they  are  smooth  and  narrow, 
so  that  an  insect  can  insert  its  head  into  the  tube  without  hindrance. 
In  doing  so  it  touches  the  lower  anther-spines,  and  shakes  the  whole 
system  of  anthers,  causing  the  pollen  to  fall  out.  Rows  of  hairs 
on  the  upper  anther-lobes  prevent  the  pollen  from  being  scattered 
at  the  sides,  and  insure  its  falling  on  the  head  of  the  insect. 

In  the  points  described  hitherto  all  my  specimens  of  E.  officinalis 
agree  with  one  another.  But  in  regard  to  the  size  and  conspicu- 
ousness  of  the  flowers,  and  the  possibility  of  self-fertilisation,  I 
have  found  two  different  forms  of  this  plant— one  large-flowered, 
which  never  fertilises  itself,  and  one  small-flowered,  which  in 
absence  of  insects  fertilises  itself  regularly.  Intermediate  forms 
may  probably  occur,  but  were  not  present  among  my  specimens. 

In  the  large-flowered  form  (4,  Fig.  154),  probably  E.  montana, 
Jord.,  the  stigma  protrudes  from  the  flower  before  the  anthers  are 
ripe,  and  even  after  the  anthers  are  ripe  it  is  the  first  part  to  be 
touched  by  insect-visitors,  and  is,  therefore,  regularly  cross-fertilised  ; 
m  absence  of  insects,  it  is  incapable  of  self-fertilisation. 

In  the  an  all-flowered  form,  probably  E.  gracilis,  Jord.  (1, 
Fig.  154),  when  the  flower  opens,  the  stigma  stands  so  far  above 
and  behind  the  anthers  that  it  escapes  being  touched  by  insects  ■ 
the  style  gradually  elongates  and  carries  the  stigma  downwards 
and  forwards  into  a  position  where  it  will  be  touched  before  the 
anthers  by  an  insect's  head,  and  where,  in  absence  of  insects, 
pollen  can  fall  from  the  upper  anthers  upon  it. 

Thus  in  case  of  insect-visits  cross-fertilisation  is  insured  in  both 
onns,  but  n,  absence  of  insects  self- fertilisation  is  only  possible  in 
the  small-flowered  plants. 
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Delpino  (178)  seems  to  have  examined  the  large-flowered  form 
only,  and  Axell  (17)  the  small-flowered;  for  the  former  describes 
E.  officinalis  as  proterogynous,  and  the  latter  as  proterandrous. 

Visitors  :  A.  Hymenoptera — Ajndce :  (1)  Bombus  agrorum,  F.  $  ;  (2)  B. 
pratorum,  L.  $  ;  (3)  Apis  mellifica,  L.  $  ;  (4)  Nomada  lateralis,  Pz.  <j> ,  all  s. 
B.  Diptera — (a)  Bombylidce :  (5)  Systceckus  sulfureus,  Mik.  (Sid.);  (b)  Syr- 
inhida :  (6)  Syrphus  sp.  ;  (7)  Melithreptus  tseniatus,  Mgn.,  all  s.  Additional 
lists  of  visitors  to  the  large-flowered  form  are  given  in  No.  590,  in.,  and 
No.  609. 

Euphrasia  salisburgensis,  Funck. — The  flowers  resemble  in  size 
the  small-flowered  form  of  E.  officinalis,  and  their  arrangements 
for  cross-fertilisation  resemble  the  large-flowered  form  of  that 
species.  The  corolla  continues  to  grow,  carrying  forward  the 
stamens  after  the  style  has  stopped  growing,  and  in  absence  of 
insects  self-fertilisation  takes  place  in  the  end.  The  visitors  are 
bees  and  Lepidoptera  (609). 


333.  Pediculaeis  silvatica,  L. — In  this  plant,  as  in  Rhinan- 
thus  and  Mdampyrum,  the  opposite  pairs  of  anthers  lie  with  their 
edges  close  together, — and  all  four  unite  to  form  a  quadrangular 
pollen-receptacle  (3,  Fig.  155)  which  is  inclosed  in  the  hooded  upper 
lip.  The  mechanism  by  which  pollen  is  shed  upon  the  insect- 
visitor  is  here  more  complex  and  more  rich  in  adaptations  than 
ever,  and  more  difficult  to  understand  in  its  details  without  direct 
observation  of  its  action.  Sprengel  (702)  and  Hildebrand  (346), 
neither  of  whom  observed  insects  in  the  act  of  fertilising  the 
flower,  have  very  naturally  overlooked  many  of  its  most  interesting 
adaptations.  Dr.  Ogle  (632),  who  watched  the  flowers  in  the  open 
air  and  saw  them  visited  by  humble-bees,  gives  an  accurate 
account  of  the  process  of  cross-fertilisation ;  but  many  adaptations 
have  escaped  even  his  notice,  and  some  he  has  interpreted 
wrongly.  It  is  therefore  still  worth  while  to  describe  the  whole 
structure  of  the  flower  minutely. 

Honey  is  secreted  by  the  green,  fleshy  base  of  the  ovary,  and 
lies  at  the  bottom  of  the  tube,  which  is  10  to  14  mm.  long,  laterally 
compressed,  and  so  narrow  that  a  humble-bee  can  only  insert  the 
forepart  of  its  head.  At  the  height  of  10  to  14  mm.  the  tube 
divides  into  an  upper  lip,  which  both  in  form  and  in  direction  is 
simply  a  continuation  of  the  tube,  slightly  wider  and  open  in 
front,  and  an  under  lip,  whose  base  (3  to  5  mm.  long)  is  applied 
to  the  upper  lip  so  as  to  close  up  the  lower  3  to  5  mm.  of  the 
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mouth  of  the  flower.  The  hooded  end  of  the  upper  lip  incloses 
the  stamens,  and  the  end  of  the  style  with  the  stigma  protrudes 
obliquely  downwards  from  it;  the  free  portion  of  the  under  lip 
with  its  three  lobes  serves  as  a  standing-place  for  insects,  and  is 
set  very  obliquely,  so  that  the  right  lobe  stands  2  to  8  mm.  higher 


1— Corolla,  from  the  front. 

2.  — Flower,  from  behind. 

3.  — Upper  part  of  the  corolla,  from  the  left  side.  The  left  half  of  the  corolla  has  been  cut 
away,  and  the  anthers  have  been  pushed  asunder. 

4.  — Transverse  section  of  the  corolla  at  c,  1,  2.    (1—3,  X  3i  ;  4,  X  7.) 

a,  point  of  insertion  of  the  anterior  stamens  ;  b,  point  of  origin  of  the  lower  lip  ;  be,  lower  part 
of  the  mouth  of  the  flower,  closed  by  the  apposition  of  the  lower  lip  ;  d,  revolute  edge  of  the  upper 
lip  set  with  teeth;  e,  widest  part  of  the  mouth  into  which  the  bee  inserts  its  head  and  proboscis  • 
/,  the  hood  which  surrounds  the  anthers  ;  g,  pendulous  tip  of  the  hood  ;  h,  ridge  upon  the  side  of 
the  corolla,  meeting  the  revolute  border  at  e  ;  /c,  shorter,  I,  longer  stamens. 

than  the  left  (1,  Fig.  155).  If  the  under  lip  is  pulled  down  as  far 
as  the  place  of  its  attachment,  the  mouth  of  the  flower  is  seen  to 
form  a  fissure-  8  to  10  mm.  long,  which  in  the  greater  part  of  its 
length  is  only  1  to  2  mm.  broad,  but  which  3  mm.  below  its  upper 
end  widens  out  suddenly  to  a  breadth  of  4  mm.  (e,  e,  1) ;  it  then 
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again  narrows  suddenly,  and  a  little  more  than  1  mm.  from  its 
upper  end  two  sharp  processes  of  the  hood  (y,  1,  2)  almost  meel 
in  the  middle  and  divide  the  entrance  into  a  very  small  upper  and 
a  long  lower  part.  Through  the  upper  opening  protrudes  the 
style,  which  springing  from  the  bilocular  ovary  lies  close  to  the 
posterior  wall  of  the  corolla,  and  curves  sharply  downwards  near- 
its  anterior  end  to  bear  the  capitate  stigma;  the  long,  lower 
opening  admits  the  bee's  head.  So  long  as  this  slit  is  only  1  to  2 
mm.  broad,  viz.,  from  the  insertion  of  the  under  lip  to  the  wider 
part  above,  its  edges  are  very  markedly  rolled  outwards,  and  that 
part  of  the  inner  wall  of  the  corolla  which  is  brought  by  this 
evolution  of  the  edge  to  form  the  margin  of  the  narrow  slit  is 
closely  set  with  sharp  points  (d,  1,  2,  4),  while  the  wider  portion 
(e,  1)  has  smooth  edges.  There  is  also  on  each  side  of  the  upper 
lip  a  reddish  thickened  band  (A,  2),  which  begins  on  a  level  with 
the  wide  part  of  the  slit  at  the  upper  end  of  the  evoluted  edges 
(e),  and  forming  a  sharp  angle  with  the  ridge  runs  backwards  and 
downwards  to  disappear  on  a  level  with  the  base  of  the  under  lip. 

What  have  all  these  characters,  the  compressed  base  of  the 
under  lip,  the  oblique  position  of  its  three-lobed  lamina,  the 
evoluted  edge  of  the  narrow  entrance,  its  rough  edges,  the  sudden 
enlargement  with  its  smooth  edges,  the  red  'stripes  at  the  sides 
of  the  upper  lip,  to  do  with  fertilisation  by  humble-bees?  Are 
they  accidents  to  be  neglected,  as  is  done  by  Hildebrand  in  his 
figures  in  the  fiotanische  Zeituny  (18G6,  pi.  iv.)  and  by  Dr.  Ogle 
in  the  Popular  Science  Review  (Jan.  1870)  ?  Careful  observation 
of  an  insect  visiting  the  flower  makes  rue  think  otherwise.  The 
bee  comes  flying  along  with  outstretched  proboscis,  and  avoiding 
the  toothed  edges  of  the  slit,  thrusts  its  proboscis  at  once  in 
alighting  into  the  widest  part  of  the  opening  (e,  1) ;  the  upper  part 
of  its  head  then  touches  the  stigma,  which  stands  scarcely  2  mm. 
above  the  wide  part  of  the  opening,  and  the  oblique  position 
of  the  lower  lip  causes  the  bee's  head  also  to  be  placed  obliquely; 
its  forefeet  grasp  the  basal  part  of  the  lower  Hp,  its  middle  pair 
of  feet  grasp  the  tube  of  the  flower  on  a  level  with  the  lower  lip, 
and  the  hindfeet  rest  upon  leaves  or  other  flowers  below.  Standing 
in  this  position,  the  bee  applies  its  head,  which  is  2£  to  3  mm. 
thick  and  5  mm.  broad,  to  the  (4  mm.)  wide  part  of  the  entrance, 
with  just  so  much  obliquity  as  gives  it  the  best  chance  of  entering. 
And  now  the  edges  of  the  slit,  rolled  outwards  and  therein-  stiffened 
(d,  1,  2),  and  the  bands  on  the  upper  lip  (lb,  2),  play  their  part. 
Joining  above  at  a  sharp  angle,  they  bound,  on  each  side  of  the 
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upper  lip,  a  triangular  surface,  which  does  not  bend,  but  gets 
pushed  outwards  by  the  bee's  head.  But  the  points  where  the 
evolute  edges  and  the  thickened  bands  meet  are  on  each  side  of 
the  wide  part  of  the  opening,  and  as  they  separate  more  and  more 
from  one  another,  the  superior  angle  (e,  g,  e,  1)  of  the  small  part 
of  the  entrance  above  this  will  be  very  greatly  enlarged,  for  the 
sides  bounding  it  are  very  short,  and  are  forced  apart  as  much 
as  the  long  sides  of  the  lower  opening.  The  small  processes  (g,  1,  2) 
which  before  nearly  met,  and  which  held  together  the  two  halves 
of  the  pollen-receptacle,  are  forced  apart ;  the  anthers,  which  have 
a  tension  outwards  in  consequence  of  the  peculiar  curvature  of 
their  filaments  Qc,  I,  3),1  are  freed  from  the  force  that  held  them 
together  below,  while  they  remain  fastened  together  above  ;  they 
therefore  flap  apart,  and  let  a  little  pollen  fall  on  the  bee's  head, 
exactly  on  the  spot  which  came  in  contact  with  the  stigma  scarce 
a  second  before.  The  pollen  is  saved  from  being  scattered  at  the 
sides  by  vertical  hairs  on  the  longer  stamens  (I,  3),2  which  cover 
the  space  between  the  upper  and  lower  anthers  on  each  side,  and 
project  slightly  beyond  the  lower  edges. 

Bombus  hortorum,  L.  ?  (20  to  21  mm.),  needs  to  thrust  its  head 
a  very  little  way  down  after  inserting  it  into  the  wide  entrance ; 
but  the  shorter  a  bee's  proboscis  is  the  more  must  it  force  its 
head  down  in  the  upper  lip,  and  if  there  is  not  space  enough  above 
the  platform  of  the  lower  lip,  the  latter  can  be  pressed  down 
3  to  4  mm.,  as  far  as  b,  2;  so  that  bees  with  a  proboscis  only 
10  mm.  long  may  reach  the  honey.  "When  the  bee  flies  away,  the 
lower  lip  springs  back  into  its  former  position,  and  the  whole 
mouth  of  the  flower  resumes  its  original  state. 

The  flower  is  in  this  way  adapted  for  all  our  native  species 
of  Bombus  and  Anthophora,  except  B.  terrestris  and  small  workers 
of  a  few  other  species;  but  the  length  of  the  tube  excludes  all 
smaller  bees,  which  if  the  tube  were  shorter  might  carry  off  the 
honey  without  touching  the  stigma;  the  hooded  upper  lip  guards 
the  pollen  from  flies  and  other  insects;  but  the  tube  is  liable 
to  be  bitten  through  and  robbed  of  its  honey  by  some  humble- 
bees.3  Such  robbery  does  little  or  no  harm,  for  bees  still  visit 
1  I  have  never  noticed  the  anthers  adhering  at  all  to  the  inner  surface  of  the 
bdeed  "*  describes.    Such  an  adhesion,  if  it  exists,  must  be  very  slight 

-  According  to  Dr  Ogle  (No.  632,  p.  46),  the  lower  anthers  are  held  together  by 
tUe  pressure  of  these  hairs  upon  the  wall  of  the  corolla.    To  act  in  this  way  the 

lairs  would  have  to  be  directed  obliquely  outwards.  They  are  not  so,  but  lie  parallel 
to  the  median  vertical  plane  of  the  flower. 

.  Dr.  Ogle  is  mistaken  in  thinking  (No.  632,  p.  180)  that  I  lie  wide  calyx  is  suffi- 
cient to  protect  Pcdicularis  silvaiica  from  robbery  on  the  part  of  short-tongued  bees. 
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in  a  legitimate  manner  flowers  which  have  been  bitten  through 
and  robbed. 

The  power  of  self-fertilisation  bas  been  completely  lost. 

Visitors  :  Hynienoptera— Apidw :  (1)  Antliopliora  retusa,  L.  (16—17)  ; 
(2)  BombuB  hortomm,  L.  ?  (20—21)  ;  (3)  B.  agrorum,  F.  (12—15)  ;  (4)  B. 
lapidarius,  L.  $  (12—14)  ;  (5)  B.  silvaruni,  L.  $  (  12—14)  ;  (6)  B.  Scrim- 
shiranus,  L.  $  (10),  all  sucking  normally,  very  ab.,— B.  Scrimshiranus,  L.  $ 
(9),  bites  tbrougb  tbe  corolla  close  above  tbe  calyx,  and  so  reacbes  tbe  boney  ; 
(7)  B.  terrestris,  L.  ?  (7—9),  very  ab.,  only  reaching  tbe  honey  by  biting,— 
once  I  saw  it  gnawing  the  upper  lip,  above  the  anthers. 

Pedicularis  rostrata,  L.,  P.  mrticillata,  L.,  P.  tubcrosa,  L.,  were 
seen  by  Eicca  to  be  visited  by  humble  bees  (665).  On  the  Alps, 
I  have  observed  in  addition  to  these  three  species,  P.  palustris,  L., 
P.  recutita,  L.,  P.  asplenifolia,  Floerke,  and  P.foliosa,  L.  (609).  In 
P.  verticillata,  the  calyx  is  swollen,  and  the  lower  part  of  the 
corolla-tube  is  bent  at  right  angles  within  the  calyx ;  the  honey 
is  thus  guarded  from  Bombtis  mastrueatus,  which  tries  in  vain  to 
reach  it,  and  which  frequently  bites  through  the  tubes  of  P.  tubcrosa 
and  P.  foliosa,  etc. 

The  six  species  of  Pedicularis  whicb  grow  in  Nova  Zembla  are 
all  fertilised,  in  Delpino's  opinion,  by  Bombus  terrestris,  and  so  also 
is  P.  Kanci,  which  is  found  in  lat.  79°,  on  the  west  coast  of  Green- 
land (172,  352).  If  this  is  really  the  case,  all  these  species  must 
have  a  shorter  tube  than  P.  silvatica. 


334.  Khinanthus  crista-galli,  L. — In  this  plant,  as  in  the 
foregoing,  the  dry  smooth  pollen  is  shed  on  the  insect's  head,  but 
the  details  of  the  mechanism  are  very  different.  Each  anther  lies  so 
close  to  its  opposite  neighbour,  and  they  dehisce  so  widely  on  their 
opposed  faces,  that  both  together  form  one  pollen-reservoir,  closed 
in  by  matted  hairs  with  which  the  contiguous  edges  of  the  anthers 
are  provided  (1,  2,  Fig.  156).  These  pollen-reservoirs  are  borne 
on  stiff  filaments,  of  which  the  anterior  pair  are  close  together  at 
their  bases,  and  are  beset  with  sharp  points  on  their  inner  sides  (1) 
so  that  a  bee  cannot  insert  its  proboscis  there  ;  higher  up,  for  the 
space  of  a  few  millimetres  below  the  anthers,  they  are  smooth  and 
wide  enough  apart  to  admit  the  point  of  a  bee's  proboscis  easily. 
As  soon,  however,  as  the  bee  pushes  its  proboscis  farther  in,  it 
forces  the  filaments  apart,  and  tears  asunder  the  two  halves  of  the 
pollen-reservoir.  The  pollen  falls  out  on  to  the  bee's  proboscis, 
and  is  prevented  from  being  scattered  at  the  sides  by  the  fringe  of 
hairs  on  the  lower  edge  of  the  anthers.    This  pollen-mechanism  is 
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better  protected  than  in  the  foregoing  species,  for  the  helmet- 
shaped,  laterally  compressed  upper  lip  covers  it  both  above  and  at 
the  sides,  and  at  first  leaves  only  a  narrow  slit,  which  is  slightly 
more  dilated  just  below  the  anthers  to  admit  the  bee's  proboscis. 
Honey  is  not  secreted  by  the  ovary  itself,  but  by  a  development  of 
the  receptacle,  which  is  prolonged  downwards  and  forwards  into  a 
long,  fleshy  lobe,  turned  up  at  the  edges  (n,  4).  As  in  Euphrasia 
officinalis,  so  also  in  this  plant,  two  different  forms  exist,1  one  incon- 
spicuous and  regularly  self-fertilising,  the  other  more  conspicuous 


Fir;.  156. — Rhinanthus  erista-galli,  L. 

1.  — Anthers,  from  the  front. 

2.  —Ditto,  with  the  style,  from  the  side. 

3.  — An  anther,  from  the  inner  side. 

4  —  Ovary,  with  the  base  of  the  style,  nectary  (n),  and  base  of  the  corolla  (co). 

5.— Flower,  of  the  variety  minor,  after  removal  of  the  right  half  of  the  calyx,  from  the  side. 

6  —Upper  part  of  ditto,  at  the  beginning  of  the  flowering  period,  from  the  front. 

7.  — Ditto,  at  the  end  of  the  flowering  period. 

8.  — Style  of  the  variety  minor. 

9.  — Style  of  the  variety  major. 

(1—3,  X  7  ;  4—9,  X  3£.) 


and  incapable  of  self-fertilisation.  Delpino,  who  has  thoroughly 
described  the  mechanism  of  this  flower,  has  only  had  the  larger 
form  (major)  under  examination  ;  for  he  calls  Vaucher's  fairly 
accurate  account  (752)  of  the  occurrence  of  self-fertilisation, 
merely  a  product  of  the  imagination.2 

B.  minor,  Ehrh.— In  the  small-flowered  form,  the  tube,  whose 
base  contains  the  honey,  is  7  to  8  mm.  long,  so  that  the  honey  is 

1  Linnaeus  distinguished  these  as  varieties  (a  and  0).  Later  authors  have  advanced 
them  to  the  rank  of  species,  R.  major,  Ehrh.,  and  R  minor,  Ehrh. 

-  JNo.  178,  p.  133,  "Ora  tutto  ci6  non  e  che  un  parto  della  imaginazione." 
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accessible  to  all  our  humble-bees,  the  shortest  proboscis  among 
which,  that  of  B.  terrestris,  is  7  to  9  mm.  long.  The  mouth  of  the 
corolla  is  a  slit  6. to  7  mm.  long,  which,  however,  is  reduced  to  4 
mm.  by  the  position  of  the  upper  lip.  The  remaining  posterior  part 
of  the  slit  is  blocked  by  the  stamens  in  the  manner  already  described, 
so  that  the  bee  can  only  insert  its  proboscis  beneath  the  anthers. 
The  stigma  curves  down  so  far  over  the  anthers  (6,  Fig.  156) 
that  an  insect's  proboscis  must  touch  it  before  entering  further  and 
being  dusted  with  pollen.  In  general,  however,  bees'  visits  are 
scarce ;  for  the  corolla  is  almost  inclosed  in  the  vesicular  calyx, 
and  is  therefore  inconspicuous.  In  absence  of  insects,  self-fertilisa- 
tion always  takes  place ;  for  the  mouth  of  the  corolla  gradually 
opens  more  widely,  the  under  lip  bending  downwards,  and  the  sides 
of  the  upper  lip  spreading  further  apart  (7,  Fig.  156);  at  the 
same  time  the  style  elongates  and  curves  downwards  and  inwards 
(7,  8),  so  that  the  stigma  comes  to  stand  under  the  anthers,  or 
even  between  them  if  they  have  separated  in  withering. 

B.  major,  Ehrh. — In  the  large-flowered  form,  the  tube  is  about 
2  mm.  longer  than  in  the  small-flowered ;  but  this  small  difference 
suffices  to  exclude  many  of  our  humble-bees  from  the  honey,  or  to 
cause  them  to  bite  a  hole  in  order  to  gain  access  to  it.  Sf)rengel 
observed  these  holes,  but  they  are  not  made,  as  he  said,  by  "  a 
large  humble-bee,  for  whom  the  natural  entrance  is  too  small,"  for 
all  humble-bees  insert  only  their  proboscis  into  the  flower ;  but  by 
those  with  the  shortest  proboscides,  namely,  as  I  have  repeatedly 
observed,  by  B.  terrestris,  L.  ?  and  $ ,  and  B.  pratorum,  L.  $ , 
whose  proboscides  measure  respectively  7  to  9  mm.  and  8  mm. 

The  size  of  the  parts  projecting  beyond  the  calyx,  viz.  the 
upper  and  lower  lips,  differs  more  than  the  length  of  the  tubes  in 
the  two  varieties  or  sub-species.  The  upper  lip  is  in  B.  minor  7 
to  8  mm.,  in  R.  major  10  to  11  mm.  long.  The  flowers  of  it!,  major 
are  therefore  more  conspicuous,  and  their  conspicuousness  is  in- 
creased by  the  pale  colour  of  the  bracts  and  by  the  violet  colour 
of  the  tip  of  the  upper  lip,  which  is  usually  white  in  B.  minor. 
As  both  species  grow  together  in  the  same  spots  and  flower  at  the 
same  time,  they  give  a  good  opportunity  of  proving  that  the  large- 
flowered  form  is  really  much  more  plentifully  visited  than  the 
other.  In  point  of  fact,  insect-visits  are  so  plentiful  in  the  case  of 
B.  major,  that  it  has  been  able  to  dispense  with  the  power  of  self- 
fertilisation,  and  the  style,  instead  of  bending  downwards,  projects 
more  and  more  from  the  mouth  of  the  flower. 

We  have  thus  in  Bhinanthus  major  and  minor  two  forms 
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engaged  in  the  struggle  for  existence ; 1  the  one  excels  in  conspi- 
cuousness  and  the  abundance  of  its  insect-visitors,  the  other  in  its 
power  of  self-fertilisation.  The  former  seems  to  have  the  advan- 
tage, for  both  in  Westphalia  and,  according  to  Ascherson'si'Vora,  in 
Brandenburg  it  is  much  more  plentiful  than  the  smaller  form;  it 
is  also  more  plentiful  both  in  England  and  Ireland  according  to 
Mr.  T.  H.  Corry. 

The  following:  list  includes  the  visitors  to  both  forms : — 


o 


(1)  Bombus  (Apatlms)  Barbutellus,  K.  ?  (12)  ;  (2)  B.  Rajellus,  111.  ? 
(12—13)  ;  (3)  B.  hortorum,  L.  ?  $  (19—21)  ;  (4)  B.  silvarurn,  L.  ?  $  (10— 
14)  ;  (5)  B.  senilis,  Sin.  $  $  (14—15)  ;  (6)  B.  Scrimsbiranus,  K.  $  (10)  ;  (7) 
B.  bypnorum,  L.  $  (10 — 12),  all  only  sucking  normally  ;  (8)  B.  terrestris,  L. 
?  $  (7 — 9),  (9)  B.  pratornm,  L.  $  (8),  botb  sucking  normally  on  R.  minor, 
but  obtaining  tbe  boney  of  11.  major  by  biting  a  bole  in  tbe  spur. 

Several  of  the  above-named  humble-bees  were  caught  carry- 
ing Ehinanthus  pollen  in  their  collecting-baskets, — viz.  B.  terrestris, 
?  and  in  especial  numbers  (in  the  Hoppekethal,  July  11, 1869), 
B.  hypnorum,  ? ,  and  B.  pratorum,  $ .  Sprengel  mentions  the 
honey-bee  as  a  frequent  visitor,  but  I  have  never  observed  it ;  its 
proboscis  (6  mm.  long)  is  at  any  rate  too  short  to  reach  the  honey 
in  the  legitimate  manner. 

I  have  seen  one  of  the  Noctuidae,  Euclidia  glyphica,  L., 
repeatedly  sucking  the  honey  of  this  flower ;  but  the  tongues  of 
Lepidoptera  are  so  thin  that  they  can  reach  the  honey  without 
pushing  the  anthers  apart,  and  Lepidoptera  therefore  are  quite 
useless  to  the  plant. 

In  Ehinanthus  Alectorolophus,  Poll.,2  we  have  an  intermediate 
stage  between  R.  crista-galli  and  R.  alpinus.  The  corolla  is  produced 
into  a  beak-like  prolongation  close  under  the  projecting  stigma, 
and  above  the  entrance  made  use  of  by  bees ;  this  process  of  the 
corolla  bears  a  small  opening,  bounded  by  two  blue  lobes.  This 
small  opening  permits  Lepidoptera  to  insert  their  thin  tongues,  which 
touch  first  the  stigma  and  then  the  anthers  ;  and  as  a  matter  of 
fact  this  species  is  visited  and  cross-fertilised  both  by  Lepidoptera 
and  by  humble-bees  (570,  609). 

In  Ehinanthus  alpinus,  Brng.,  the  lower  or  bees'  entrance  is 
closed,  its  edges  coming  close  together  without  uniting,  and  only 
the  small  upper  opening  remains ;  and  this  species  is  therefore 

1  Compare  Malva  rolundifolia  and  M.  silvestris,  p.  142. 

-  Included  by  Nyman,  Conspectus  Floras  Europccce,  under  R.  major. 
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adapted  solely  for  Lepidoptera ;  but  it  is  much  visited  by  bumble- 
bees, wbo  force  open  tbe  flower  to  steal  tbe  pollen,  and  sometimes, 
but  less  frequently,  tbe  boney  (570,  609). 

Tozzia  alpina,  L. — Tbe  bright  yellow  flowers  are  visited  by 
numerous  flies.  Stigma  and  antbers  ripen  simultaneously.  At 
first  tbe  stigma  stands  far  in  front  of  tbe  anthers,  but  afterwards 
the  growth  of  the  corolla  carries  forward  the  stamens  until  the 
antbers  lie  well  in  front  of  tbe  stigma  (609). 


Fig,  157. — Ehinanthus  Aleetorolophus,  Poll. 

A.  — Flower,  in  longitudinal  section,  after  removal  of  the  calyx. 

B.  —Upper  part  of  a  flower,  from  which  the  right  half  of  the  corolla  has  been  removed. 

C.  — Ditto,  viewed  from  the  front. 

D.  — Ditto,  after  removal  of  the  lower  lip.  (x  3i.) 

hth,  aperture  for  humble-bee's  proboscis  ;  fth,  aperture  for  butterfly's  tongue. 
11,  nectary  ;  ov,  ovary  ;  st,  stigma. 
(St.  Gertrud,  July  22,  1S75). 


335.  Melamptrum  pratense,  L. — Tbe  contrivance  by  which 
tbe  pollen  is  sbed  in  Melampyrum  is  again  different  from  all  the 
foregoing ;  for  bere  all  tbe  four  anthers  lie  close  together  and  form 
a  single  pollen-reservoir,  whicb  is  opened  by  touching  tbe  pointed 
appendage  borne  by  eacb  anther-lobe.  The  flower  exhibits  several 
otber  remarkable  peculiarities.  Honey  is  secreted  by  the  base  of 
tbe  ovary,  wbicb  expands  opposite  the  under  lip  into  a  white,  round, 
fleshy  body,  on  each  side  of  which  runs  a  honey-secreting  groove. 
The  abundant  honey  fills  2  to  3  mm.  of  the  tube,  which  is  14 
to  15  mm.  long,  and  stands  horizontally;  it  is  protected  from  rain 
by  a  ring  of  hairs,  pointing  forwards  and  placed  immediately  in 
front  of  it.  In  order  to  suck  the  honey  in  the  normal  way,  and 
without  thrusting  its  head  into  the  tube,  an  insect  must  have  a 
proboscis  14  to  15  mm.  long ;  so  that  the  greater  number  of  our 
humble-bees  are  excluded.     But  at  its  anterior  end,  for  4  to 
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5  mm.,  the  tube  is  so  wide  that  a  bumble-bee's  bead  enters  it 
easily;  a  proboscis  10  to  11  mm.  long  therefore  suffices,  and 
only  B.  terrestris  and  small  workers  of  some  other  species  are 
excluded. 

In  its  narrower  part  the  tube  is  three-sided,  the  lower  wall 
standing  horizontal,  the  sides  first  bending  sharply  inwards  then 
rising  almost  perpendicularly,  and  holding  the  style  in  their  upper 
angle.    All  three  sides  widen  out  gradually  for  a  space  of  8  to  10 
mm.  from  the  base  of  the  tube,  then,  on  a  sudden,  more  rapidly, 
the  sides  rising  up  into  a  hood  for  the  pollen-reservoir,  and  the 
floor  increasing  from  3  mm.  to  5  mm.  in  breadth.    In  this  wide 
part  of  the  tube  the  lower  part  of  the  side  walls  is  doubled  down 
upon  the  floor  by  a  re-entrant  fold  (a,  2,  3),  so  that  the  breadth 
of  the  entrance  is  reduced  to  scarcely  3  mm. ;  and  this  is  further 
reduced  in  height  to  1  to  2  mm.  by  two  dark-yellow  pouches  in  the 
under  lip  (pathfinders,  b,  3),  and  by  a  fold  close  behind  the  free 
edge  of  the  hood-like  upper  lip;  if,  however,  the  folds  in  the  side 
walls  and  in  the  upper  lip  are  opened  out  by  a  bee  thrusting  in  its 
head,  there  is  plenty  of  room  in  the  broad  part  of  the  tube  for  the 
bee's  head,  which  is  about  5  mm.  broad,  and  3  mm.  high.    So  by 
this  peculiar  conformation  of  the  mouth,  weak,  short-lipped  insects 
are  excluded,  and  at  the  same  time  humble-bees  are  permitted 
to  insert  their  heads.    There  are  yet  other  peculiarities  in  the 
mouth  of  the  flower  which  complete  this  result.    The  filaments 
which,  in  the  narrow  part  of  the  tube,  are  thin  and  adhere  to  the 
corolla,  become  free  from  it  in  the  wide  part,  and  rise  obliquely 
upwards  as  stiff,  broad  rods  beset  with  teeth  on  their  inner  sides 
towards  the  hooded  upper  lip,  which  incloses  the  stamens  The 
two  anterior  stamens  lie,  in  their  ascending  portions,  so  close 
behind  the  entrance  of  the  flower  that  they  block  it  for  a  further 
space  of  i  mm.  on  either  side.    So  in  looking  from  the  front  into 
the  mouth  of  the  flower  we  see  an  opening  only  2  mm.  broad  and 
scarcely  so  high,  bounded  on  the  right  and  left  by  the  prickly 
margins  of  the  filaments,  above  by  the  soft  tufts  of  hairs  on  the 
upper  hp,  and  by  the  weak  hairs  projecting  downwards  from  the 
pollen-receptacle  (rf,  3).    The  bee  in  inserting  the  delicate  tip  of 
its  proboscis  carefully  avoids  any  rough  contact ;  therefore,  in  this 

meT'th1   ^  8  lt-neither  t0  thG  ri*bt  °r  leffc'  it  would 

meet  the  sh  ^  ^  ^ 

nibs  a      st  the  soft  hairs  of  the  upper  lip  and  the  poUen- 
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The  style  traverses  the  upper  angle  of  the  tube  in  its  whole 
length,  and  bends  down  with  it  over  the  pollen-receptacle,  so  that 
its  stigmatic  end  hangs  down  in  the  upper  part  of  the  mouth  of 
the  flower  between  the  tufts  on  the  upper  lip,  and  is  thus  in- 
evitably touched  by  the  bee's  proboscis  as  it  enters.    The  four 


Fio.  188. — Melampyntm  prateiue,  L. 

1.  — Flower,  from  the  side  (x  3). 

2.  — Ditto,  from  above. 

3.  — Ditto,  from  the  front  (x  7). 

4.  — The  pollen-receptacle  formed  by  the  anthers,  viewed  from  behind. 

5.  —Ditto,  after  it  has  opened,  from  before. 

fi.— The  two  anthers  of  the  right  half  of  the  flower,  seen  from  the  left. 
7.— Relative  positions  of  pollen-Teceptacle  and  stigma. 

a  side-fold  in  the  forepart  of  the  corolla;  b.  pathfinder;  o,  stigma;  a,  hairs  or  the  pollen 
receptacle  ;  e,  teeth  upon  the  filaments  ;  /,  appendages  of  the  anthers. 


pairs  of  anther-lobes,  which  have  stiff  walls  and  are  in  firm 
connection  with  the  stiff  filaments,  cohere  closely  by  their  upper 
and  posterior  edges,  hut  admit  of  some  motion  at  their  lower 
and  anterior  edges,  which  are  fringed  with  hairs.  Each  anther- 
lobe  is  prolonged  downwards  into  a  stiff,  sharp  process,  so  thai 
four  pairs  of  these  sharp  processes  point  downwards;  of  these 
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the  hindmost  are  the  longest,  as  they  might  easily  escape  being 
touched  if  of  the  same  length  with  the  others.  The  bee's  pro- 
boscis, entering  the  flower  in  the  way  described  above,  comes  in 
contact  immediately  afterwards  with  the  sharp  processes  of  the 
anthers ;  the  anther-lobes  at  once  separate  slightly  at  their  lower 
and  anterior  edges,  and  the  fine,  dusty  pollen  is  shed  upon  the 
insect's  proboscis. 

In  spite  of  these  manifold  adajDtations,  the  plant,  from  growing 
in  shady  spots,  is,  as  a  rule,  sparingly  visited  by  bees  ;  but  in  their 
absence  self-fertilisation  takes  place  regularly.  As  in  Bhinanthns 
minor,  the  end  of  the  style  curves  more  and  more  downwards,  and 
at  last  inwards,  so  that  the  stigma  comes  to  lie  below  the  pollen- 
receptacle  (5,  Fig.  158),  which  in  the  old  flower  opens  of  itself. 
In  flowers  whose  colour  has  changed  to  reddish  the  stigma  is 
always  found  in  this  position. 

Visitors  :  Hymcnoptera — Apidw :  (1)  Bombus  agroruni,  F.  9  $  !  (10 — 15), 
sucking  normally.  Its  weight  bends  clown  the  flowers  to  which  it  hangs.  It 
first  inserts  the  tip  of  its  proboscis  into  the  upper  part  of  the  flower,  then 
thrusts  the  whole  proboscis  and  its  head  into  the  tube.  After  visiting  a  flower, 
which  takes  only  a  few  seconds,  it  almost  always  flies  away  to  a  neighbouring 
plant.  (2)  B.  hortorum,  L.  $  !  (18—20),  sucking  normally,  just  as  the  former 
species  (Siebengebirge,  July  8,  1871)  ;  (3)  B.  terrestris,  L.  ?  (7—9),  bites 
through  the  corolla  close  above  the  calyx,  so  that  one  mandible  makes  a  hole 
on  each  side  of  the  sharp  edge  of  the  corolla,  and  through  one  of  these  two  holes 
the  bee  inserts  its  proboscis ;  (4)  B.  pratorum,  L.  t5  ^  (8—9),  acts  similarly 
(Siebengebirge,  July  8,  1871)  ;  (5)  Apis  mellifica,  L.  $  (6),  do.,  very  ab.  ;  (6) 
Megachile  circunicincta,  K.  ?  !  (11),  sucking  normally,  only  one  specimen. 
B.  Diptera— Straiiomyidm  :  (7)  Oxycera  pulchella,  Mgn.,  I  saw  this  species  on 
the  flowers  at  Warstein,— it  probably  could  not  reach  either  the  honey  or 
the  pollen.    See  also  No.  590,  in. 

Melampyrum  arvense,  L.,  is  visited  by  various  insects,  but  only 
fertilised  by  very  long-tongued  humble-bees  (590,  III.). 

Melampyrum  nemorosum,  L.— The  honey  is  stolen  by  various 
humble-bees,  but  the  flower  is  fertilised  only  by  Bombus  hortorum 
L.  <?  (590,  in.). 

Melampyrum  silvaticum,  L.— The  flower  is  of  small  size  and  its 
mechanism  is  much  simplified  (590,  ill.'). 

The  six  forms  above  described  in  which  dry  pollen  is  shed  on 
the  insect-visitor,  viz.  Odontites  lutea,  0.  serotina,  Euphrasia  offi,- 
'  >na  is,  Melampyrum,  Bhinanthns,  and  Pcdicularis,  show  remarkable 
gradations  ..,  the  way  in  wind,  the  anthers  are  protected  and  the 
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pollen  lodged,  and  in  the  mechanism  for  scattering  the  pollen  and 
for  guiding  the  insect's  proboscis. 

a.  The  protection  of  the  anthers.  In  Odontites  lutea  the 
anthers  protrude  from  the  flower,  as  in  Veronica;  in  Odontites 
serotina  they  are  only  slightly  covered  by  the  upper  lip,  while  they 
are  entirely  covered  by  it  in  E.  officinalis ;  in  the  three  others  they 
are  completely  inclosed  in  the  hood  of  the  upper  lip. 

b.  The  pollen-receptacles.  In  the  two  species  of  Odontites 
and  in  Euphrasia  officinalis  each  anther-lobe  forms  a  separate 
receptacle  opening  at  the  apex ;  in  0.  lutea  all  the  anthers  are 
separate  ;  in  0.  serotina  they  are  connected  posteriorly  by  matted 
hairs ;  in  E.  officinalis  their  edges  cohere.  In  Melampyrurw, 
Rhinantlms,  and  Pcdicularis,  their  edges  are  closely  united  so  as  to 
form  a  single,  more  or  less  distinctly  four-chambered  receptacle. 

c.  The  shedding  of  the  pollen.  In  0.  lutea  and  0.  serotina 
the  anthers  must  be  touched  in  order  to  shed  their  pollen ;  in 
0.  lutea  each  must  be  touched  separately,  but  in  0.  serotina 
one  touch  is  communicated  to  all.  In  E.  officinalis  the  lower 
anthers,  in  Melampyrum  all  of  them,  bear  sharp  appendages  which 
point  downwards,  and  which, -when  touched,  cause  the  pollen  to 
fall  out.  In  Bhinanthus,  the  pollen -receptacle  is  opened  by 
pushing  apart  the  filaments.  In  PedicuLcris,  the  edges  of  the 
hood  which  incloses  the  pollen-receptacle  are  separated  by  a 
complex  system  of  levers,  and  the  pollen-receptacle  then  opens. 
In  all,  except  0.  lutea,  hairs  directed  downwards  (either  from  the 
edges  of  the  anthers  or  from  the  filaments)  prevent  the  pollen 
being  scattered  at  the  sides. 

d.  The  path  of  the  bee's  proboscis.  In  0.  lutea  and  E.  officinalis 
the  path  is  only  marked  out  by  the  entrance  of  the  tube  ;  but  in 
0.  lutea  the  bee's  proboscis  cannot  fail  to  come  in  contact  with  one 
or  other  of  the  anthers,  and  in  E.  officinalis  with  their  appendages. 
In  the  other  four  species  sharp  points  on  the  filaments  or  on  the 
edges  of  the  upper  lip  cause  the  bee  to  insert  the  tip  of  its 
proboscis  just  in  such  a  position  that  it  may  first  touch  the  stigma 
and  then  dust  itself  with  pollen. 

In  regard  to  all  four  characters  Odontites  lutea  stands  lowest, 
and  Pedicularis  silvatica  highest. 

Cross-fertilisation  in  case  of  insect-visits  is  insured  in  all  the 
six  species  by  the  stigma  being  touched  in  all  or  most  flowers 
by  the  same  part  of  the  insect  which  is  immediately  afterwards 
dusted  with  pollen.  In  three  species  out  of  the  six,  two  forms  of 
flowers  occur,  of  which  one  is  sparingly  visited  by  insects  and  in 
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their  absence  fertilises  itself  regularly,  and  the  other  is  abundantly 
visited  by  insects  and  is  incapable  of  self-fertilisation.  In  Euphrasia 
officinalis  and  Rhinanthus  crista-galli  it  is  the  small-flowered  form, 
in  Odontites  scrotina  it  is  the  plants  inhabiting  shady  places,  which 
receive  so  few  insect-visits  that  self-fertilisation  becomes  necessary  ; 
in  Melampyrum  and  Odontites  lutea  self-fertilisation  occurs  in 
absence  of  insects,  but  in  all  flowers  without  distinction;  in 
Fedicularis  silvatica  alone,  the  conspicuousness  of  the  flowers  and 
the  perfection  of  the  pollen- apparatus  insures  cross-fertilisation  so 
well  that  self-fertilisation  never  takes  place. 

The  section  of  the  Scrophularineee  characterised  by  a  pollen- 
distributing  mechanism  is  remarkable  also  for  the  gradations  in  the 
development  of  its  nectaries.  Usually  part  of  an  organ  already 
present  secretes  honey,  especially  the  lower  part  of  the  outer  wall  of 
the  ovary,  which  sometimes  secretes  its  honey  all  round  (Tozzia), 
sometimes  mainly  or  solely  in  front  [Euphrasia  and  Odontites). 
With  the  growth  of  this  new  function  the  secreting  tissue 
thickens  and  forms  a  protuberance  scarcely  noticeable  in  Euphrasia 
minima,  but  evident  in  E.  salisburgensis  and  Pedicularis  aspleni- 
folia,  Fl. ;  it  becomes  a  strongly  marked  swelling  in  P.  verticillata, 
L.,  and  P.  recutita,  L.,  which  in  P.  pahostris,  L.,  is  more  sharply 
marked  off  from  the  ovary,  and  in  Rhinanthus  becomes  a  cup 
extending  forwards  from  the  base  of  the  ovary,  which  contains 
the  nectar,  and  is  most  perfectly  developed  in  R.  alpinus.  We 
thus  have  a  complete  series  of  transitions,  from  secretion  of  honey 
by  an  organ  whose  proper  function  is  quite  different,  to  the 
development  of  a  special  nectary. 


REVIEW  OF  THE  SCROPHTJLARINE/E. 

The  Scrophularineaj  described  above  may  be  arranged  in  four 
groups  according  to  their  pollen-distributing  mechanism  and 'the 
insects  which  fertilise  them. 

1.  Verbascum  and  Veronica  have  open  flowers,  with  short  tubes 
and  freely  exposed  reproductive  organs  which  insect-visitors  may 
come  in  contact  with  at  any  part,  though  they  as  a  rule  touch  the 
stigma  before  the  anthers.    Only  in  some  Veronicas,  especially  in 

c'hamcedrys,  the  filaments  by  spreading  apart  and  thinning  away 
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at  the  base  form  a  delicate  pollen-distributing  apparatus.  The 
fertilisers  are  flies  and  bees. 

2.  Scrophularia  bas  sbort,  round,  brownisb  flowers,  with  a 
widely  open  mouth  and  easily  visible  honey.  The  stigma  ripens 
before  the  anthers,  and  both  come  in  contact  interiorly  with  the 
insects.    Wasps  are  the  chief  fertilisers. 

3.  Digitalis,  Antirrhinum,  and  Linaria  have  long  and  wide 
tubes,  open  in  Digitalis  and  closed  in  the  other  two.  The  insect- 
visitor  creeps  entirely  or  almost  entirely  into  the  tube,  and  touches 
anthers  and  stigma  with  its  back.  The  fertilising-agents  are  large 
bees. 

4.  Euphrasia,  Odontites,  JRhinanthus,  Melam/pyrum,  and  Pedicu- 
laris  have  narrow  tubes  Avhich  divide  into  an  upper  lip  protecting 
the  anthers,  and  a  lower  lip  serving  as  a  platform  for  insects  to 
alight  on.  They  dust  their  insect-visitors  with  smooth,  powdery 
pollen.  The  forms  with  shorter  tubes  are  fertilised  by  bees  and 
flies,  those  with  longer  tubes  almost  exclusively  by  humble-bees. 

On  the  Alps  we  have  in  addition  Tozzia,  fertilised  by  flies, 
JRhinanthus  Alectorolophus  by  humble-bees  and  Lepidoptera,  and 
R.  alpinus  by  Lepidoptera  (609). 

In  almost  all  the  Scrophularinese  that  we  have  considered, 
cross-fertilisation  is  effected  by  the  stigma  being  touched  before 
the  stamens  or  pollen-apparatus  by  insect- visitors ;  but  in  some 
cases  dichogamy  also  occurs.  In  default  of  insect-visits,  self-fertili- 
sation takes  place  in  most  forms  ;  and  only  in  a  few  are  insect- 
visits,  and  consequently  cross-fertilisation,  so  far  insured  that  self- 
fertilisation  is  never  required  and  has  become  impossible. 

This  family  affords  another  instance  of  the  association  of  certain 
colours  with  fertilisation  by  certain  insects.  In  the  section  charac- 
terised by  loose  dry  pollen,  the  lowest  forms  (Tozzia,  Odontites 
Intra,  and  Euphrasia  minima)  are  all  yellow,  while  in  the  highest 
(Melampyrum,  Pedicidaris)  red  and  purple  colours  appear.  The 
uncommon  colour  of  Scrophularia  must  be  referred  to  the  peculiar 
taste  of  its  visitors,  the  wasps.  The  colours  of  the  genus  Vcrov  ica, 
which  is  fertilised  by  flies,  remain  to  be  explained.  Most  species 
have  light  or  dark  blue  flowers;  those  of  V.  urtieifolia,  and  I  . 
peregrina,  L.,  are  pink.  In  spite  of  its  apparently  simple  flower, 
Veronica  is  by  no  means  a  primitive  form  among  the  Scrophu- 
larinese  :  the  symmetrical  flower,  the  specially  differentiated 
nectary  the  reduction  of  the  sepals  and  petals  to  four,  and  of  the 
stamens  to  two,  are  all  characters  widely  removed  from  the 
primitive  type.    The  short-tubed  species  of   Veronica  must  be 
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looked  upon  as  the  more  primitive,  from  which  the  long-tuhed  type 
of  V.  spicata  has  been  evolved  by  the  agency  of  bees  and  sand- 
wasps.    Two  different  hypotheses  suggest  themselves  for  the  origin 
of  the  genus  Veronica.    In  the  first  place,  the  reduction  of  the 
stamens  to  two  may  be  due  to  the  development  of  the  delicate 
pollen-shedding  mechanism   adapted   for  Syrphidse,   which  we 
found  to  be  best  developed  in  V,  Chamcedrys  and  V .  urticifolia ; 
just  as  in  Salvia  two  stamens  have  certainly  become  aborted 
owing  to  the  development  of  the  special  lever-apparatus  in  the 
others.    According  to  this  view,  the  oldest  Veronicas  are  those 
which  are  adapted  for  Syrphidse,  the  others,  with  short  tube  and 
flat  limb,  being  developed  from  them  by  degeneration  of  the 
pollen-mechanism ;  and  several  species  (e.g.,  V.  Beccabunga  and 
V.  aphylla)  do  seem  to  show  such  a  degeneration.    But  it  is  con- 
ceivable that  the  ancestors  of  Veronica  suffered  reduction  in  the 
number  of  their  stamens  simply  in  consequence  of  gradual  dimi- 
nution in  size,  as  in  Lycopus  among  Labiates,  several  Saginas 
among  Alsineae,  small-flowered  species  of  Ranunculus,  Chasalea, 
and  the  small-flowered  form  of  Stellaria  media,  L. ;  and  that  the 
pollen-mechanism  was  subsequently  developed  in  one  section  of 
the  genus.    In  this  case  we  must  ascribe  to  a  miscellaneous  lot  of 
Syrphidse  and  small  bees  the  blue  colour  of  the  simpler"  Veronicas 
which  are  not  provided  with  any  special  adaptations  for  Syrphidse ; 
for  the  Muscidse  and  other  Diptera,  which  also  visit  and  fertilise 
these  simpler  Veronicas,  show  no  signs  of  favouring  the  production 
of  a  blue  colour  in  any  other  instance.    I  see  as  yet  no  grounds 
for  preferring  either  of  these  hypotheses  to  the  other. 


Ord.  LENTIBVLARIEM 

Utrieularia,  L. — Buchenau  has  investigated  thoroughly  the 
structure  and  development  of  the  flower.*  Hildebrand  has  ex- 
plained the  mechanism  of  fertilisation  (356).  An  insect,  thrusting 
its  proboscis  beneath  the  upper  lip  to  reach  the  honey  contained  in 
the  spur,  first  touches  with  its  back  one  of  the  stigmatic  lobes  which 
project  beyond  the  anthers  and  have  their  papillar  surfaces  directed 
downwards;  immediately  afterwards  it  comes  in  contact  with  the 
anthers  and  gets  dusted  with  fresh  pollen.  The  stigma  is  irritable, 
folding  upwards  at  once  on  being  touched,  so  that  pollen  cannot  be 
apphed  to  the  stigma  of  the  same  flower  as  the  insect  draws  back. 

1  Bolan.  Zcitung,  1865,  p,  63. 
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Pinguecula  alpina,  L. — The  structure  of  the  flower  is  similar,  but 
the  stigma,  instead  of  folding  up  by  its  own  irritability,  is  pushed 
upwards  by  the  retreating  insect  (Hildebrand,  356).  A  fly,  forcing 
its  way  iuto  the  pale  yellow  flower,  rubs  against  the  stigma  with 
its  back  and  dusts  it  with  pollen  from  another  flower.  It  now  tries 
to  move  upwards,  as  far  as  possible,  to  free  itself  from  certain  stiff 
hairs  directed  obliquely  backwards  on  the  inferior  wall  of  the 
corolla,  and  in  doing  so  it  dusts  its  back  with  fresh  pollen  (589, 
p.  334 ;  609).  Some  flies,  which  are  large  enough  to  get  caught 
firmly  but  not  strong  enough  to  make  their  escape,  are  held  fast 
and  perish. 

Pinguecula  lusitanica,  L.,  is  self-fertilising  (Henslow). 

Pinguecula  vulgaris,  L. — Axell  gives  a  figure  and  description 
of  the  flower,  which  agree  with  Hildebrand's  account  (17).  This 
species  is  adapted  for  bees  (609). 

Obd.  GESNEEACEM 
The  flowers  are  markedly  proterandrous  (172,  178,  632). 

Ord.  BIGNONIACEjE. 

Bignonia,  L. — The  flowers  are  proterandrous.  The  lobes  of 
the  stigma  are  touched  first  by  an  insect-visitor,  and  therefore  get 
dusted  with  pollen  from  a  previously-visited  flower ;  they  then 
close  up  immediately,  before  pollen  from  their  own  flower  can 
reach  them  (178). 

Marty  nia,L.  (Pedalinese),  has  a  similar  arrangement  (172,  352). 

My  brother  Fritz  Miilier  fertilised  a  species  of  Bignonia  (Cipo 
alho  of  the  Brazilians)  in  South  Brazil  as  follows:  — 

(1)  Twenty-nine  flowers  on  two  stocks  with  pollen  of  their  own 
stock  ;  all  fell  off  in  a  short  time. 

(2)  Thirty  flowers  on  the  same  two  stocks  with  pollen  from 
others  growing  near  by  ;  only  two  flowers  developed  fully,  but 
most  remained  longer  upon  the  stem  than  in  the  previous  case, 
and  many  showed  a  commencing  enlargement  of  the  ovary. 

(3)  Five  flowers  on  one  stock  with  pollen  from  another  growing 
at  a  distance  ;  all  five  were  fruitful  (55  t). 

Tecoma  capensis,  Lind.,  is  visited  and  fertilised  in  Natal  by 
honey-suckers  and  by  small  bees  (233). 
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Ord.  ACANTUACEJ'L 

Thunbergia  alata,  Boj. — The  insect  entering  the  tube  of  the 
flower  to  reach  the  honey  at  the  base  first  touches  the  stigma  with 
its  back,  and  then  the  anthers,  which  are  provided  inferiorly  with 
pointed  processes  (352). 

Gryphiacanthus  barbadensis,  Nees.  (Evellia  clandestina,  L.). — 
The  cleistogamic  flowers  were  known  to  Dillenius  (531). 

Uranihemum,  L.,  Dcedalacanthus,  Anders.,  Dipteracanthus, 
Nees.,1  J$chma?ithcra,  Nees.,  and  Buellia,  L.,  also  possess  cleis- 
togamic flowers  (167). 

'  Meyenia  ereda,  Benth. — The  mechanism  of  the  flower  of  this 
West  African  shrub  has  been  described  by  Mr.  Irwin  Lynch  (444). 
The  flowers  stand  nearly  horizontal.  The  style  lies  in  a  groove 
on  the  dorsal  side  of  the  tubular  curved  corolla.  The  stigma, 
which  stands  at  the  mouth  of  the  tube,  is  two-lipped ;  its  upper  lip, 
which  is  alone  receptive,  is  rolled  into  a  tube. 

The  anthers  stand  midway  in  the  corolla  tube,  and  are  furnished 
with  hairs  which  catch  the  pollen  as  it  is  being  shed.  The  broad 
lower  lip  of  the  stigma  projects  downwards,  obstructing  the  en- 
trance ;  it  first  acts  as  a  lever  to  bring  the  upper  lip  down  upon 
the  back  of  an  insect  entering  the  flower ;  but  afterwards,  as  the 
insect  emerges  with  its  back  dusted  with  fresh  pollen,  the  lower 
lip  of  the  stigma  protects  the  upper  one  from  contact.  ' 

Strobilanthes  (Goldfiissia)  anisophylla,  Nees.— This  flower  was 
carefully  described  and  beautifully  figured  by  Charles  Morren  in 
1839  (541  A).  Morren  saw  that  insects  were  needed  to  effect  fertilis- 
ation, but  he  thought  only  of  self-fertilisation,  and  accordingly  he 
misinterpreted  the  mechanism  of  the  flower. 

The  flowers  stand  nearly  horizontal.  The  tip  of  the  style  only 
bears  stigmatic  papillae  on  its  lower  (anterior)  surface  ;  it  is  curved 
upwards  so  that  an  insect  in  entering  the  flower  comes  at  once  in 
contact  with  the  stigma.  When  the  stigma  is  touched  (or  even  if  it 
be  breathed  upon)  it  at  once  becomes  straightened  out  and  gener- 
ally curves  at  the  same  time  to  the  right,  and  it  becomes  closely 
appressed  to  the  inferior  wall  of  the  corolla.  The  insect  passes 
iurther  into  the  flower,  and  becomes  dusted  with  fresh  pollen  :  this 
is  carried  out  of  the  flower  without  coming  in  contact  with  the 
stigma.  According  to  Morren  the  irritability  of  the  style  is  never 
manifested  until  after  dehiscence  of  the  anthers. 

1  Bentham  and  Hooker  place  this  genus  under  EucUia. 
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Morren  supposed  that  the  pollen  fell  of  itself  from  the  anthers, 
and  either  came  directly,  or  was  carried  by  small  insects,  to  the 
hairs  upon  the  inferior  wall  of  the  corolla  in  the  neighbourhood  of 
the  stigma ;  and  that  thus,  when  by  any  cause  the  style  was 
irritated,  the  stigma  curved  over  and  applied  itself  to  the  pollen. 

Acanthus  mollis,  L.,  and  A.  spinosus,  L. — The  four  unilocular 
anthers  lie  close  together  and  hold  between  them  the  loose  pollen. 
The  inferior  filaments  pass  below  and  in  front  of  the  anthers,  and 
are  suddenly  bent  back  towards  them  immediately  below  their 
attachment.  The  bee-visitors  (Bombtts  italicus  and  B.  terrestris) 
have  to  pass  between  these  inferior  filaments,  and  in  doing  so  force 
both  them  and  their  anthers  apart,  and  cause  the  pollen  to  fall  out. 
The  proterandrous  condition  lasts  for  several  days,  and  then  the 
end  of  the  style,  which  was  straight  before,  bends  downwards  and 
forwards,  so  that  the  lobes  of  the  stigma  come  in  contact  with  the 
bee  (172,  178,  360). 

Aphelandra  pectinata,  Willd.  (A.  cristata,  H.  B.  and  Kth). — The 
two  lobes  of  the  corolla  which  form  the  upper  lip  are  rolled  round 
the  anthers ;  the  two  lateral  lobes  are  approximated,  forming 
folding  doors  which  close  the  entrance  of  the  tube.  When  these 
doors  are  opened  they  cause  the  lobes  of  the  upper  lip  also  to 
separate,  and  the  anthers  are  set  free  and  shed  their  pollen  on  the 
visitor.    The  fertilising-agents  are  probably  humming-birds  (178). 

Bhinacanthus  communis,  Nees.,  is  markedly  proterandrous.  In 
the  first  stage,  the  two  anthers  are  bent  down  into  the  entrance  of 
the  flower,  and  the  still  immature  stigma  is  bent  upwards ;  in  the 
second  stage  the  anthers  are  bent  apart  to  the  sides,  and  the  ripe 
stigma  is  placed  exactly  in  the  path  of  the  insect's  proboscis.  The 
visitors  are  probably  Lepidoptera  (177). 


Orb.  SELAGINEJZ  {GLOBULARIAGE^). 

Globularia  vulgaris,  L.,  is  proterandrous;  G.  cordifolia,  L.,  and 
G.  nudicaulis,  L.,  are  proterogynous  with  persistent  stigmas.  Ine 
flowers  of  all  three  are  light-blue  and  adapted  for  fertilisation  by 
butterflies.  This  is  the  only  instance  in  the  German  and  Swiss 
flora  of  a  blue  colour  being  produced  by  the  selective  agency  of 
Lepidoptera  (609). 
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Okd.  VERBENACEjE. 

JEgiphila  data,  Sw.,  and  JE.  mollis,  H.  B.  and  Kth.,  are  con- 
spicuously heterostyled.  JE.  obdurata  "  probably  was  once  hetero- 
styled,  and  has  since  been  rendered  dioecious  by  the  pistil  in  the 
one  form  and  the  stamens  in  the  other  having  become  functionless 
and  reduced  in  size"  (Darwin,  167,  p.  124). 

Verbena  officinalis,  L.,  is  adapted  for  fertilisation  by  bees  (590, 
III.,  and  609). 

The  flowers  of  a  Lantana  in  South  Brazil  are,  according  to  Fritz 
Midler,  yellow  on  the  first  day,  orange  on  the  second,  and  purple 
on  the  third.  Some  butterflies  visit  the  yellow  and  orange  flowers, 
some  exclusively  the  yellow,  none  the  purple.  So  this  change  of 
colour  increases  the  conspicuousness  of  the  plant,  and  at  the  same 
time  saves  many  useless  visits  (560). 

Ocimum,  L. — In  this  genus  the  Labiate  type  of  flower  is  reversed, 
the  stamens  and  style  lying  upon  the  under  lip,  while  the  upper 
side  of  the  tube  lodges  the  honey,  which  is  protected  by  hairs  on 
the  superior  stamens.  Therefore  the  stamens  first  curve  upwards, 
the  style  downwards,  and  afterwards  in  the  contrary  direction; 
which  is  the  reverse  of  what  occurs  in  Teucrium,  for  instance.  The 
fertilisers  are  bees  of  the  genera  Anthidium,  Ajns,  Bombus,  and 
Halictus  (178,  360). 

Oed.  LABIATjE. 

Plectranthus  fruticosus,  L'Her. — The  reproductive  organs  lie 
below  the  entrance  into  the  honey-receptacle,  which  is  a  spur-like 
development  of  the  base  of  the  corolla.  In  the  first  stage  the 
style  lies  with  unripe  stigmas  between  the  stamens  ;  in  the 
second  the  stamens  have  spread  apart,  and  the  style  with 
outspread  stigmas  stands  alone  in  the  way  of  insect- visitors  (360). 

33G.  Lavandula  vera  (L.),  D.  C— The  spikes  of  small  blue 
flowers  attract  many  insects,  especially  bees,  by  their  strong  scent, 
and  supply  abundant  honey.  The  tube  is  6  mm.  long,  and  the 
nectary  resembles  that  of  Thymus  in  size  and  position.  The 
stamens,  which  lie  in  the  inferior  side  of  the  tube,  overtop 
the  stigmas,  but  the  well-marked  proterandry  insures  cross- 
fertilisation. 

(1)  Anthopliora  quadrimaculata,  Pz.  ?'<£,  ab.  ;  (2)  Osmia  cenea,  L.  $; 
ircq.  ;  (3)  0.  rufa,  I,  ?,  „.  .  (4)  Megachile  pyrina,  Lep.  (fasciata,  Sm.), 
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Freq.  ;  (5)  M.  Willugbbiella,  &  <$  ;  (6)  M.  centuncrtlaris,  L.  $  ;  (7)  AntMdium 
mamicatum,  L.  $  $,  at.  ;  (8)  Crocisa  scutellaris,  Pz.  $  ab.  ;  (9)  Coelioxys 
conoidea,  III.  ?,freq.  ;  (10)  C.  umbrina,  Sm.  $? ;  (11)  Ohelostoma nigricome, 
Nyl.  $ ,  all  only  sucking.    See  also  No.  590,  m. 

337.  Mentha  arvensis,  L. — The  base  of  the  ovary,  which 
secretes  the  honey,  is  several  times  as  large  as  the  ovary  itself, 
(n,  4,  Fig.  159).  The  corolla  forms  a  bell,  which  in  the  pistillate 
flowers  is  about  2  mm.,  in  the  hermaphrodite  about  3  mm.  long, 
and  in  both  is  fully  half  as  wide  at  the  mouth  as  it  is  long.  The 
honey  is  accessible  to  very  short-lipped  insects,  and  it  is  completely 
sheltered  from  rain  by  hairs  which  extend  from  the  sides  of  the 
bell  to  its  centre.    The  flowers  make  themselves  perceptible  at  a 


Fici.  159. 

1 — 4. — Mentha  arvensis. 

1.  — Female  flower. 

2.  — Hermaphrodite  flower,  in  first  (male)  stage. 

3.  — Ditto,  in  second  (female)  stage. 

4.  —  Ovary  and  nectary. 

5.  — M.  aquatica.  Female  flower,  seen  obliquely  from  the  front,  to  show  the  rudimentary  stamens. 
Figs.  1  and  5  should  be  horizontal. 

distance  by  their  scent,  and  their  close  whorled  arrangement  renders 
them  conspicuous  to  the  eye,  still  more  in  the  case  of  the  large- 
flowered  hermaphrodite  than  the  smaller  female  plants.  I  have 
verified  by  direct  observation  in  the  case  of  Mentha  the  opinion 
to  which  I  shall  recur  in  describing  Nepeta  and  Thymus,  that 
insects  visit  the  more  conspicuous  flowers  before  those  that  are 
less  so ;  in  the  case  of  Nepeta  and  Thymus  I  have  neglected  to 
study  this  point  sufficiently. 

"Visitors:  A-.- Diptera— (a)  Stratiomyidce :  (1)  Odontomyia  viridrtla,  F.  ; 

(b)  SyrpMdae :  (2)  Eristalis  sepulcralis,  L.,  very  ab.  ;  (3)  Syritta  pipiena,  L., 
ab  •  "(4)  Melitbreptus  scriptus,  L.  ;  (5)  M.  tseniatus,  Mgn.,  both  not  rare,  s.  ; 

(c)  MusCidm :  (6)  Onesia  fioralis,  K.  D.  ;  (7)  0.  sepulcralis,  Mgn.,  both  ab.  ; 
(8)  Luciliasilvarum,  Mgn.  ;  (9)  L.  comicina,  F.  ;  (10)  Pyrellia  cadaverma,  L. ; 
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(11)  L.  albiceps,  Mgn.,  the  last  four  species  not  rare.  B.  Lepidoptera — Rho- 
palocera :  (12)  Satyrus  Janira,  L.  All  these  insects  sucked  honey  only, 
though  I  expected  to  see  the  Syrphidae  at  least  eating  pollen. 

338.  Mentha  aquatica,  L.  (M.  hirsuta,  Sin.). — While  in  Mentha 
arvensis  small-flowered  female  and  large-flowered  hermaphrodite 
flowers  occur  in  nearly  equal  numbers,  in  M.  aquatica  the  former 
are  much  rarer  than  the  latter.  In  the  hermaphrodite  flowers  the 
tube  is  4  to  5  mm.  long,  and  about  2  mm.  wide  at  the  mouth  ; 
otherwise  the  flower  resembles  that  of  M.  arvensis.  Although, 
owing  to  the  greater  length  of  the  tube,  the  honey  is  slightly  less 
accessible  than  in  M.  arvensis,  insect-visits  are  more  numerous, 
owing  to  the  taller  stalks  and  the  larger,  denser  heads  of  flowers. 

Visitors  :  A.  Hymenoptera — (a)  Apidce  :  (1)  Halictus  cylindricus,  F.  £  ;  (2) 
H.  maculatus,  Sm.  $ ,  both  ab.  ;  (3)  H.  longulus,  Sm.  £  ;  (4)  H.  nitidiusculus, 
K.  £ ,  all  s.  ;  (b)  Ichneumonidce  :  (5)  Various  sp.,  some  creeping  bodily  into 
the  flowers.  B.  Diptera — («)  Emjpidce  :  (6)  Empis  rustica,  Fallen  ;  (7)  E. 
livida,  L.,  both  ab.,  s.  ;  (8)  E.  tesselata,  F.,  do.  ;  (b)  SyrpMdce :  (9)  Ascia 
podagrica,  F.,  s.  ;  (10)  Eristalis  nemorum,  L.  ;  (11)  E.  arbustorum,  L.  ;  (12) 
E.  seneus,  Scop.  ;  (13)  E.  sepulcralis,  L.,  all  four  very  ab.,  sometimes  s.,  some- 
times f.p.  ;  (14)  Syritta  pipiens,  L.,  ab.  ;  (15)  Helophilus  pendulus,  L.,  ab.  ; 
(16)  H.  trivittatus,  F.  ;  (17)  Syrphus  pyrastri,  L.,  ab.  ;  (18)  Melanostoma 
mellina,  L.,  ab.,  these  also  both  s.  and  f.p.  ;  (c)  Muscidca:  (19)  Onesia  floralis, 
R.  D.  ;  (20)  0.  sepulcralis,  Mgn.  ;  (21)  Sarcophaga  carnaria,  L.  ;  (22)  Musca 
corvina,  F.,  all  four  very  ab.  ;  (d)  Tabanidce  :  (23)  Chrysops  ccecutiens,  L.,  s. 

Delpino  considers  Mentha  and  Coleus,  Lour.,  degraded  forms  of 
the  Labiate  type  (No.  178,  p.  143;  360,  p.  656);  he,  however, 
gives  no  reason  for  thinking  them  to  be  such,  and  not  rather  less 
specialised  forms,  differing  less  from  the  common  ancestors  of 
the  Labiates. 

The  flower  of  Coletos  (Blumei,  Benth.  ?)  is  figured  and  described 
in  No.  560,  nr. 

339.  Lycopus  EUROPiEUS,  L.— The  corolla  forms  a  bell  3  to  4 
mm.  long,  21  mm.  wide  at  the  mouth,  but  scarcely  1  mm.  wide  at 
the  base.  Honey  is  secreted  by  the  yellow  fleshy  base  of  the 
ovary ;  it  is  accessible  to  very  short-lipped  insects,  and  is  sheltered 
from  rain  by  long  hairs  which  project  from  the  sides  of  the  bell 
towards  its  centre.  .  Some  purple  spots  on  the  under  lip  serve 
as  guides. 

The  flowers  are  markedly  proterandrous.  When  the  two 
anthers  which  project  from  the  tube  come  to  maturity,  the  two 
stigmas  still  lie  folded  together  (Fig.  160,  1).    When  the  stigmas 
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separate,  the  anthers  are  already  withered  and  hent  downwards. 
The  wide  space  between  the  anthers  and  stigmas  seems  sufficient 
to  prevent  self-fertilisation  even  without  the  help  of  proterandry. 

In  spite  of  the  small,  inconspicuous  flowers,  insect-visitors  are 
numerous  and  varied. 

While  in  Salvia  the  abortion  of  two  stamens  may  be  explained 
by  the  development  of  the  lever-mechanism  which  they  would 
have  interfered  with,  in  Lycopus  their  disappearance  is  due  simply 
to  the  small  size  of  the  flower ;  and  though  only  two  are  present, 
the  small  size  of  the  flower  causes  every  insect  to  come  in  contact 
with  them.    The  same  explanation  holds  good  for  Veronica,  whose 


Fio.  160. — Lycoims  euroiiccus,  L. 

1.  — Flower,  in  first  (male)  stage,  from  below. 

2.  — Ditto,  in  second  (female)  stage,  from  the  side.    This  figure  should  be  horizontal. 

3.  — Ditto,  in  first  stage,  after  removal  of  the  under  lip,  from  below. 

a,  abortive  stamens ;  n,  nectary  ;  a',  perfect  anthers,  before  dehiscence ;  a2,  ditto,  dehiscing ; 
a3,  ditto,  withered ;  st',  stigma,  still  immature ;  si2,  ditto,  ripe. 


flowers  are  the  smallest  among  Scrophularineas  as  those  of  Lycopus 
are  among  Labiates. 

'  Visitors  :  A.  Hymenoptera—  Vespidee :  (1)  Polistes  gallica,  L.,  and  var. 
diadema,  s.,  freq.  (Thur.).  B.  Diptera— (a)  SyrpUdai :  (2)  Melitkreptns 
scriptus,  L.,  s.  and  f.p.  ;  (3)  Syritta  pipiens,  L.,  very  ab.,  s.  and  f.p,  ;  (b)  Mu- 
seidce :  (4)  Lucilia  silvarum,  Mgn.  ;  (5)  L.  cornicina,  F.,  both  s.,  freq.  ;  (6) 
Sarcophaga  albiceps,  Mgn.,  ab.,  s.  ;  (7)  Pollenia  Vespillo,  F.,  s.  Also  many  small 
gnats  li  mm.  long.  C.  Hemiptera— (8)  Some  undetermined  species  of  bugs. 
D.  Lepidoptera— (9)  Adela  sp.,  e.    E.  Thysanoptera—  (10)  Thrips,  very  ab. 

34Q.  -  Thymus  Sebpyllum  (L.),  Fr.— Our  two  species  of  Thymus 
have,  like  Nepeta,  stocks  of  two  kinds,  one  with  large  herma- 
phrodite, the  other  with  small  pistillate  flowers. 

Hildebrand  (351)  has  sought  to  ascribe  the  origin  of  the  small- 
flowered  female  plants  to  the  proterandrous  condition  of  the 
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hermaphrodite  ones ;  his  theory  rests,  if  I  understand  it  rightly, 
upon  the  two  following  arguments.  Since  no  stigmas  are  mature 
at  the  time  when  in  the  first  flowers  of  a  proterandrous  plant  the 
stamens  dehisce,  these  stamens  are  of  no  use  to  the  plant,  and  since 
all  economy  of  useless  organs  is  advantageous  to  the  plant,  the 
stamens  of  the  first  flowers  of  proterandrous  plants  can  be  abolished 
by  Natural  Selection.  This  reasoning  is  undeniably  correct,  but  it 
applies  only  to  the  first  flowers  of  proterandrous  plants,  and  not  to 


Fio.  161. 
1— 3.— Thymus  Serpyllum,  Fr. 

1.  —  Hermaphrodite  flower,  in  first7male)  stage 

2.  — Ditto,  in  second  (female)  stage". 

3.  — Female  flower. 

4—6. — T.  vulgaris,  L. 

4.  — Female  flower. 

5.  — Pistil  of  hermaphrodite  flower  in  first  stage. 

6.  — Ditto,  in  second  stage.   o«,  ovary ;  n,  nectary.  (x7.) 

the  female  stocks  of  Thymus  which  bloom  all  summer  beside  the 
hermaphrodite  .ones. .  This  in  my  opinion  is  only  to  be  explained  in 
the  way  that  I  have.suggested  in  the  case  of  Nepeta  (p.  484)  The 
variability  m  size,  which  my  theory  presupposes,  is  present  in  our 
two  species  of  Thymus,  as  in  Nepeta,  to  such  a  degree  that,  while 
the  largest  hermaphrodite  flowers  (Fig.  161, 1,  2)  are  several  times  as 
large  as  the  smallest  female  (Fig.  161,  3),  the  smallest  hermaphrodite 
and  the  largest  female  flowers  are  nearly  equal  in  size.  The  flowers 
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on  the  same  stock,  on  the  contrary,  are  all  much  of  the  same  size, 
as  my  explanation  requires,  hut  the  hermaphrodite  flowers  enlarge 
in  passing  from  the  first  (male)  to  the  second  (female)  stage.  The 
certainty  of  cross-fertilisation,  which  is  also  necessary  for  my  theory, 
is  in  a  high  degree  a  character  of  Thymus ;  for  the  honey  is  ex- 
ceedingly abundant  and  has  an  aromatic  taste,  the  base  of  the 
ovary  by  which  the  honey  is  secreted  (n,  5,  6)  if.  many  times  as 
large  as  the  ovary  itself,  the  aggregation  of  the  flowers  and  their 
strong  scent  reveal  them  to  insects  and  permit  insects  to  visit 
many  with  little  loss  of  time,  and  from  the  reproductive  organs 
protruding  beyond  the  corolla  many  flowers  may  be  fertilised  at 
once  as  the  insect  clambers  over  the  inflorescence.  The  tube  is 
smooth  at  the  base  where  the  honey  lies,  and  lined  with  hairs  above 
to  exclude  rain ;  it  is  only  a  few  millimetres  long  (2|  to  4  mm.  in 
T.  Serpyllum),  so  that  the  honey  is  accessible  to  a  great  variety  of 
insects.  Self-fertilisation  was  impossible  in  all  the  flowers  that  I 
have  examined,  for  the  style,  which  in  the  first  stage  is  short  and 
overtopped  by  the  anthers  (Fig.  161,  1,  5),  elongates  and  grows 
out  beyond  the  anthers  before  its  two  divisions  with  the  stigmatic 
papillae  at  their  tips  spiead  apart.1 

Darwin  found  the  female  form  very  much  more  productive  than 
the  hermaphrodite,  both  in  T.  Scrpyllum  and  T.  vulgaris. 

While  Darwin  in  England,  Hildebrand  in  the  Rhine  Provinces, 
Ascherson,  according  to  his  Flora,  in  Brandenburg,  and  I  in 
Westphalia  and  Thuringia,  have  only  observed  the  two  forms,  female 
and  hermaphrodite,  of  this  plant,  Delpino,  near  Florence,  has 
found  the  plant  trimorphic :  he  states  that  it  consists  there  of 
hermaphrodites  with  both  stamens  and  pistil  equally  developed ; 
of  others  with  greatly  developed  stamens  and  the  pistil  in  every 
stage  of  abortion,  or  even  absent ;  and  finally,  others  with  greatly 
developed  pistil  and  more  or  less  aborted  stamens  (No.  173,  p.  7). 
In  England  also  there  seems  to  be  a  passage  towards  purely  male 
flowers,  for,  according  to  Dr.  Ogle  (No.  632,  p.  54),  in  many  of  the 
hermaphrodite  flowers  the  stigma  never  reaches  maturity.  With- 
out accurate  information  concerning  the  size  of  the  flowers,  the 
time  of  their  development,  the  frequency  of  insect-visits,  and  the 
relative  distribution  of  the  two  forms,  all  attempts  at  explanation 
must  be  unsatisfactory. 

Visitors  :  A.  Hymenoptera— (a)  Apidce  :  (1)  Apis  mellifica,  L.  t},s.  and 
c.p,  ab.  ;  (2)  Boinbus  pratornm,  L.  ?  ,  do. ;  (3)  Saropoda  bimaculata^PzJ >  J> 
*  Compare  ray  account  of  Ncpcta  Glechoma,  p.  484,  and  Darwin's  account  of 
Thymus,  No.  167,  p.  300. 
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ab. ;  (4)  Andrena  nigroamea,  K.  ?,  s.  ;  (5)  Megachile  circumcincta,  K.  a.  ; 
(6)  Noniada  germanica,  Pz.  $ ,  s.  ;  (7)  Coelioxys  sp.  £ ,  s.  ;  (b)  Sphegidce  : 
(8)  Animophila  sabulosa,  L.  9  s.,  ab.  ;  (9)  Cerceris  variabilis,  Schr.  $  $ , 
s.  ;  (10)  Lindenius  albilabris,  F.,  s.  B.  Diptera — («)  Bombylidce :  (11)  Sys- 
tceckus  sulfureus,  Mik.,  s.  ;  (b)  Syrphidm :  (12)  Eristalis  arbustorum,  L.,  very 
nb.,  s.  ;  (13)  E.  sepulcralis,  L.,  s.  ;  (14)  Syritta  pipiens,  L.,  s.,  ab.  ;  (15)  Volu- 
cella  bombylans,  L.,  s.  :  (c)  Conopido: :  (16)  Conops  flavipes,  L.,  s.  ;  (17)  Sicus 
ferrugineus,  L.,  s.  ;  (18)  Myopa  t'estacea,  L.,  s.  ;  (d)  Muscidce  :  (19)  Lucilia 
cornicina,  F.  ;  (20)  Ecbinomyia  tesselata,  F.  ;  (21)  Gymnosoma  rotundata,  L.  ; 
(22)  Ocyptera  brassicaria,  F.,  ab.  ;  (23)  Sarcophaga  carnaria,  L.,  very  ab.  ;  (24) 
S.  albiceps,  Mgn.,  very  ab.,  all  only  sucking.  C.  Lepidoptera — (a)  Rhopalo- 
cera :  (25)  Satyrus  paraphilia,  L.  ;  (26)  S.  Janira,  L.  ;  (27)  Argynnis  Aglaia, 
L.  ;  (28)  Lycasna  icarus,  Rott.  ;  (b)  SjMnges :  (29)  Sesia  empiformis,  Esp 
(Almethal) ;  (30) _S.  tipuliformis,  L.,— all  sucking.  See  also  No.  590,  in.,  and 
No.  609. 

I  have  observed  altogether  on  T.  Serpyllum : — 


Apidaj. 

Lepidoptera. 

Diptera. 

Other  Insects 

Total. 

In  the  Lowlands 

17 

20 

30 

5 

72 

In  the  Alps  

25 

65 

30 

2 

122 

In  every  100  insect-visitors  there  are,  therefore  : — 

Apidas. 

Ijepidoptera. 

Diptera. 

Other  Insects. 

Total. 

In  the  Lowlands  ... 

23-6 

277 

41-6 

69 

99'9 

Iu  the  Alps  

20-5 

53-2 

24-6 

1-6 

99-9 

_  341.  Thymus  vulgaris,  L.— I  have  observed  the  following 
visitors  in  my  garden  : —  0 

A.  Hymenoptera-(a)  Apida:  (1)  Apis  mellifica,  L.  »,  a.  :  (2)  Halictus 
small  species  s  and  c.p.  ;  (b)  Sphegid*:  (3)  AmmopMla  sabulosa,  L  9  T  ' 
B.  Diptera-(a)  Empidce:  (4)  Empis  livida,  L.,  s.  ;  (b)  Syrphidm : ■  (5)  Syritta 
prpiens,  L.,  s  and  f.p   ab  •  (c)  Muscid* :  (6)  Sarcophag^albiceps  Mgn 
ab.    C.  Lepidoptera-^%es..  (7)  Sesia  tipuliformis,  L.,s. 

342.  Origanum  vulgare,  L.-This  plant  agrees  with  Thymus 

m  consisting  of  large-flowered  proterandrous  hermaphrodite;  and 
mall-flowered  fe     le  individualSj  and  in       whQle  mechanis 

the  flowers;  and  if  it  is  inferior  to  Thymus  in  perfume  and  in  the 
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taste  of  its  honey,  it  has  a  compensating  advantage  in  its  large 
flowers  crowded  more  closely  together  on  higher  stalks.  The 
plant  has  lost  the  power  of  self-fertilisation.  Though  the  flower 
is  larger  than  that  of  Thymus,  the  tuhe  is  short  enough  (in  the 
hermaphrodite  flowers  4  to  5  mm.,  in  the  pistillate  3  to  4  mm., 
long)  to  permit  a  great  variety  of  insects  to  reach  the  honey.  My 
shorter  list  of  visitors  is  due  to  my  having  had  much  less  opportunity 
of  watching  the  plant. 

Visitors  :  A.  Hymenoptera — Apidcc :  (1)  Bombus  terrestris,  L.  $  ;  (2) 
Apis  ruellifica,  L.  $ ,  freq.  ;  (3)  Halictus  cylindricus,  F.  $  ;  (4)  H.  albipes, 
F.  both  species  very  ab.  ;  (5)  H.  nitidus,  Sckenck,  £,  all  sucking.  B. 
Diptera — (a)  Empidce  :  (6)  Empis  livida,  L.  ;  (7)  E.  rustica,  Fallen,  both  very 
ab.,  s.  ;  (b)  Syrphida: :  (8)  Ascia  podagrica,  F.,  f.p.,  ab.  ;  (9)  Eristalis  arbu- 
storum,  L.,  s.  and  f.p.,  ab.  ;  (10)  E.  nemorum,  L.,  do.  ;  (11)  Helophilus  pen- 
dulus,  L.,s.  ;  (c)  Conopidce  :  (12)  Sicus  ferrngineus,  L.  ;  (13)  Myopa  polystigma, 
Rondani  ;  (14)  M.  variegata,  Mgn.,  all  three  sucking ;  (d)  Muscidce :  (15) 
Ocyptera  brassicaria,  F.  ;  (16)  0.  cylindrica,  F.,  both  very  ab.  ;  (17)  Prosena 
siberita,  F.,  ab.,  all  three  s.  C.  Lepidoptera— Rhopalocera  :  (18)  Satyrus 
Janira,  L.,  s.  ;  (19)  S.  hyperanthus,  L.,  s.  See  also  No.  590,  in.,  and 
No.  609. 

Sahireia  hortensis,  L.,  is  gynodicecious,  and  the  female  flowers 
are  much  more  productive  than  the  hermaphrodite  (Darwin,  No. 
167  ;  for  list  of  visitors  see  No.  590,  III.). 

343.  Calamintha  Clinopodium,  Spenner  (C.  vulgare,  L.).— 
The  nectaries  and  honey-receptacle  are  formed  on  the  ordinary 
Labiate  type.  The  corolla-tube  is  10  to  13  mm.  long,  and  is  often 
filled  for  a  space  of  3  mm.  with  honey. 

The  inferior  division  of  the  style  forms  a  broad,  lanceolate 
lamina,  which  is  bent  downwards  and  bears  no  distinct  stigmatic 
papilla?  ;  the  upper  is  much  narrower  and  shorter,  and  of  very 
varying  size.  There  is  still  more  striking  variability  in  the 
development  of  the  stamens,  some  or  all  of  them  being  partially 
or  completely  aborted  in  many  flowers.  This  is  remarkable  because 
it  shows  us  how  Natural  Selection  could  have  operated,  and  must 
have  operated  if,  together  with  the  proterandrous  condition,  there 
cam*  into  .existence  small-flowered  plants  which  were  visited  as  a 
rule  after  the  others." 

Visitors  :  Lepidopterar-iZ/ioiJaZocera  :  (1)  Pieria  brassicse,  L.  (15),  not  rare  ; 
(2)  Satyrus  hyperanthus,  L.,— both  species  s.    See  also  No.  609. 

Calamintha  Nepeta,  Sav,  is  gynodicecious,  and  visited  by  bees 
and  butterflies  (609,  734)- 
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344.  Calamintha  Acinos,  L. : — 

Visitors:  A.  Hymenriptera — Apidce :  (1)  Apis  mellifica,  L.  <J  ,  s.  and  c.p., 
ab.  (Thur.).  B.  Diptera  —  BombyMce :  (2)  Systoechus  sulfureus,  Mik.,  s. 
(Thur.). 

Calamintha  alpina,  Lam. — Both  large-flowered  and  small- 
flowered  plants  occur,  the  flowers  of  both  being  hermaphrodite 
and  proterandrous,  but  only  the  small  flowers  being  capable  of 
spontaneous  self-fertilisation. 

The  plant  is  visited  by  Syiphidse  and  by  a  great  number  of 
bees  and  Lepidoptera  (584,  609). 

Hormimvm  pyrenaicum,  L. — The  dark-blue  colour,  the  odour, 
and  the  very  abundant  honey  attract  numerous  insects,  while  the 
marked  proterandry  renders  self-fertilisation  impossible  (No.  609, 
fig.  125). 

345.  Monarda  didyma,  L. — I  have  seen  this  plant  visited  by 
Phisia  gamma,  L. 

Monarda  ciliata  (?)  is  adapted  for  fertilisation  by  Sphingidse 
(228). 

Rosmarinus,  L.,  according  to  Delpino,  is  proterandrous,  and  the 
stigma  comes  to  take  the  place  of  the  anthers  (178). 

346.  Salvia  pratenSis,  L.— The'  remarkable  mechanism  of 
this  flower,  and  the  way  in  which  it  is  fertilised  by  humble-bees, 
was  so  thoroughly  explained  and  figured  by  Sprengel 1  that 
Hildebrand,  in  his  work  on  Salvia  (345),  has  described  nothing 
new,  except  the  proterandrous  condition,  which  Sprengel  had 
overlooked. 

Honey  is  secreted  by  the  yellow,  fleshy  base  of  the  ovary.  The 
corolla  is  horizontal ;  the  under  lip  forms  a  convenient  platform 
for  insects,  and  the  erect,  helmet-shaped  upper  lip  incloses  the 
anthers.  In  the  first  stage,  the  style,  with  its  stigmatic  branches 
still  folded  together,  protrudes  almost  horizontally  from  the  upper 
hp,  in  the  second  it  points  downwards  with  divergent  and  recurved 
stigmas.  The  entrance  to  the  tube  is  guarded  by  two  lamella? 
which  converge  and  coalesce  with  one  another  anteriorly ;  these 
lamellae  are  attached  to  the  inferior  limbs  of  the  enormously  long 
Connectives  of  the  two  stamens,  and  are  produced  by  meta- 
morphosis of  the  inferior  anther-lobes  ;  the  other  and  much 
longer  limb  of  each  of  the  two  connectives  rises  up  under  cover  of 

1  702,  pi.  1.  fig.«.  IS,  24-33,  30,  42. 
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the  upper  lip,  and  there  bears  the  other,  pollen-producing  anther- 
lobe.  Since  the  connectives  are  easily  movable  about  their 
fulcrums  on  the  short,  outwardly-directed  filaments,  the  two 
laminae  are  rotated  backwards  and  upwards,  the  anther-lobes 
(hitherto  concealed  within  the  upper  lip  and  coated  on  their  lower 
surfaces  with  pollen)  forwards  and  downwards,  when  a  bee's  head 
enters  the  tube.  The  movement  of  the  laminae  leaves  the  path  to 
the  honey  free,  that  of  the  longer  limbs  of  the  connectives  brings 
the  anther-lobes  down  upon  the  bee's  back.  When  the  bee  with- 
draws its  head,  the  connectives  with  their  laminae  resume  their 
former  position.    In  old  flowers  the  bee  first  touches  the  papillar 


Fig.  162. — Salvia  pratensis,  L. 

1.  — Flower,  from  the  right  side. 

2.  — Stamens,  seen  obliquely  (x  2). 

a,  filament ;  b,  upper  arm  of  the  connective :  c,  lower  arm  of  ditto  ;  d,  superior  anther-lobes  ; 
e,  inferior  ditto,  transformed  into  a  lamina  closing  up  the  tube  ;  /,  point  of  cohesion  of  the  two 
inferior  anther-lobes ;  g.  style  in  first  stage  ;  g',  style  in  second  stage.  The  dotted  line  b  d  indicates 
the  position  of  the  anthers  when  rotated  forwards. 


sides  of  the  recurved  branches  of  the  now  downward-pointing  style. 
The  superior  pair  of  anthers  in  this  and  in  all  the  other  species 
of  Salvia  is  present  in  the  form  of  small  and  quite  useless 
rudiments,  easily  intelligible  as  an  inheritance  from  didynamous 
ancestors. 

Humble-bees  were  stated  to  be  the  fertilising  agents  by 
Sprengel  and  Hildebrand,  but  the  species  were  not  determined. 
The  plant  does  not  occur  at  Lippstadt,  and  I  only  possess  in  my 
garden  a  single  plant,  of  a  pink  variety,  found  by  my  father  at 
Miihlberg,  Erfurt,  so  I  have  had  little  opportunity  of  observing  its 
insect-viStors.    As  normal  visitors  which  proceed  in  the  manner 
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described  above,  and  effect  cross-fertilisation  regularly,  I  have 
only  noted  the  following  : — 

(1)  Bombus  silvarum,  L.  $  and  $  ;  (2)  Osniia  rufa,  L.  $  ;  (3)  Anthidiuin 
manicatum,  L.  $  (very  freq.)  ;  (4)  Megachile  pyrina,  Lep.  (fasciata,  Sm.),  $, 
all  sucking  normally. 

Among  useless  visitors  Sprengel  mentions  (p.  61)  cabbage-white  butterflies, 
which  insert  their  proboscis  in  the  small  space  between  the  lower  anther-lobes 
and  the  corolla,  and  obtain  the  honey  without  effecting  fertilisation.  I  have 
seen  Plusia  gamma,  L.,  acting  in  the  same  way,  I  have  also  seen  small  bees  in 
abundance  (Prosopis  communis,  Nyl.  $  $ ,  Halictus  sexstriatus,  Schck.  $ ,  H. 
nitidus,  Schck.  $ ,  H.  nitidiusculus,  K.  ? ,  H.  morio,  F.  $ )  creeping  into  the 
flowers  and  reaching  the  honey  without  causing  more  than  a  slight  and  ineffectual 
movement  of  the  levers.  The  position  of  the  anthers  quite  prevents  flies  from 
stealing  the  pollen  of  this  flower,  and  I  have  never  observed  a  bee  sweeping 
the  anthers  with  its  tarsal  brushes.  Delpino  (No.  567,  pp.  9,  10)  unjustly 
questions  my  statement  "  that  in  Salvia  the  anthers  are  more  or  less  protected 
from  insects,  which  are  restricted  mainly  or  exclusively  to  the  honey."  A 
further  list  of  visitors  in  Low  Germany  (twelve  Apidas,  two  Bonibylida?)  is 
given  in  No.  590,  m.  On  the  Alps  I  have  seen  the  flowers  visited  by  the 
hive-bee,  by  six  humble-bees,  eleven  Lepidoptera,  and  Ehingia  (609). 

This  species  is  gynodioecious.  In  addition  to  the  large-flowered 
hermaphrodite  plants,  small-flowered  female  plants  occur,  in  whose 
flowers  the  now  functionless  lever-apparatus  shows  all  degrees  of 
abortion. 

This  species  is  remarkable  above  all  other  cases  of  gynodicecism, 
because  it  shows  us  the  gradual  abortion  of  all  the  stamens  of  a 
flower  in  four  distinct  stages :  (1)  The  first  of  the  five  stamens, 
which  must  have  been  placed  in  the  median  line  of  the  corolla 
superiorly,  and  is  still  present,  more  or  less  altered,  in  many  Scro- 
pbulanneae  (Scrophularia,  Pentstemon),  had  already  disappeared  in 
the  common  ancestors  of  the  Labiates.  (2)  The  two  upper  stamens 
of  the  remaining  four  were  reduced  to  tiny  stalked  knobs  in  the 
ancestors  of  the  genus  Salvia.  (3)  The  inferior  anther-lobes  of 
the  two  remaining  stamens  produce  pollen  to  a  greater  or  less 
extent  m  8  officinalis,  8.  porphyrantha,  and  8  triangularis  but  in 
S.  pratensis  they  are  transformed  into  two  hollow  laminas  which 
coalesce  anteriorly.  (4)  In  the  small-flowered  female  form  of  S 
pratensis,  the  superior  anther-lobes  also  have  become  useless  and 
subject  to  degeneration  in  common  with  the  whole  of  the  lever 
apparatus  (570,  vol.  xvi.;  609). 

Salvia  Sclarea  L  8  vthiopica,  8.  argentea,  L.,  8  virgata, 
Ait.,  S.pendula  Vahl and  8  rubra,  Spr.,  have  the  same  mechan: 

ffild  fi°  Ti  °  ™ebfnd  as  *  Pratensis.  In  8  nutans,  L. 
(Hild.  figs.  4-7),  on  the  other  hand,  the  rotation  of  the  connectives 
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is  much  less,  and  therefore  the  anther-lobes  emerge  much  less  from 
the  upper  lip ;  but  the  flowers  form  pendulous  racemes  and  are 
therefore  inverted,  and  accordingly  the  insects  settle  on  the  upper 
lip  and  are  dusted  with  pollen  ventrally  by  the  slightly  protruding 
anthers.  In  S.  splendens  (345,  figs.  8  and  9)  the  inferior  anther- 
lobes  form  simple  lamellse  (not  bent  inwards  anteriorly),  which 
coalesce  with  one  another  for  almost  their  entire  length.  All 
these  species  agree  in  other  respects  in  their  floral  mechanisms, 
and  are  all  alike  proterandrous. 

On  the  other  hand,  S.  Grahami,  Benth.  (345,  figs.  10-12),  has 
homogamous  flowers  with  a  short  style  scarcely  overtopping  the  an- 
thers ;  in  S.  lanceolata  (345,  figs.  13-14),  which  is  also  homogamous, 
the  inferior  stigmatic  lobe  lies  between  the  anthers,  and  exposed  to 
self-fertilisation.  In  S.  liirsuta  (345,  figs.  15-17),  the  inferior  stigma 
is  very  broad,  and  recurved  backwards  so  as  to  press  against  both 
anthers  and  regularly  to  effect  self-fertilisation,  which,  according 
to  Hildebrand's  experiments,  is  fully  productive. 

347.  Salvia  officinalis,  L. — Sprengel  described  and  figured 
the  mechanism  of  this  species  also,  noting  its  proterandrous  con- 
dition, and  he  saw  it  visited  by  bees ;  but  Hildebrand's  description 
(345)  is  much  more  thorough.    The  chief  points  in  which  this 


Fig.  163. — Salvia  officinalis,  L. 
Flower,  after  removal  of  the  right  hnlf  of  the  cnlyx  and  corolla. 

a— g,  as  in  Fig.  162  ;  h,  nectary ;  i,  ovary  ;  fc,  abortive  anther ;  I,  hairs  to  guard  the  honey. 

species  differs  from  S.  pratensis  are  as  follows  :  the  two  arms  of 
each  connective  are  much  shorter,  and  the  lower  one  is  not 
metamorphosed  into  a  lamella,  blocking  the  entrance  of  the  flower, 
but  is  formed  like  the  upper,  though  smaller;  it  usually  bears  an 
anther-lobe  filled  with  pollen,  but  always  much  smaller,  and  con- 
taining only  a  quarter,  or  at  most  half  as  much  as  the  upper 
lobe  :  sometimes  it  is  altogether  abortive.  In  correspondence 
with  the  shortness  of  the  upper  arm  of  the  connective,  the  upper 
lip  is  also  short,  but  broad  enough  to  protect  the  wide  entrance  of 
the  flower  from  rain.  Both  anther-lobes  of  both  stamens  stand  in 
the  mouth  of  the  flower,  the  superior  slightly  above  and  in  front 
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of  the  inferior,  and  the  two  connectives  lie  so  close  together  that 
one  moves  with  the  other.  A  bee  in  entering  first  thrusts  its  head 
against  the  two  inferior  anther-lobes,  and  thus  causing  the  connec- 
tives to  rotate,  it  is  immediately  afterwards  struck  on  the  back 
by  the  two  superior  anther-lobes.  The  pollen  thus  placed  on  the 
bee's  head  and  back  is  rubbed  off  in  older  flowers  upon  the  two 
stigmas,  which  are  divergent  and  much  bent  downwards. 

Dr.  Ogle  gives  a  very  detailed  description  of  this  species  of 
Salvia  (631),  and  rightly  lays  stress  upon  the  following  additional 
points  as  special  adaptations :  (1)  the  convexity  of  the  upper  lip, 
which  causes  the  growing  style  to  take  such  a  direction  that  after- 
wards its  outspread  stigmas  must  come  in  contact  with  the  bee's 
back  ;  (2)  the  bulging  of  the  upper  wall  of  the  anterior  part  of  the 
tube,  which  gives  the  inferior  anther-lobes  free  play  when  the 
connectives  rotate  ;  (3)  the  shortness  and  stiffness  of  the  filaments, 
which  give  a  steady  fulcrum  for  the  connectives  ;  (4)  the  divergence 
of  the  filaments,  which  leaves  a  free  entrance  for  the  bee. 

Besides  the  hive-bee,  which  Sprengel  and  Hildebrand  also  saw, 
I  have  observed  Bombus  silvarum,  L.  $,  Anlhophora  aestivalis, 
Pz.  ?,  Anthiclium  manicatum,  L.  ?,  Osmia  rufa,  L.  ?,  as  regular 
fertilisers  ;  all  were  sucking  honey  exclusively.  Of  useless  guests, 
Hildebrand  observed  a  butterfly,  which  could  easily  reach  the 
honey  with  its  proboscis  without  dusting  itself  with  pollen.  I 
have  seen  a  small  species  of  bee  with  abdominal  collecting- 
brushes,  Chclostoma  campanulancm,  9  $ ,  repeatedly  creeping  in  and 
out  of  the  flowers  without  being  dusted  with  pollen ;  and  Herr 
Borgstette  sent  me,  from  Teklenburg,  Prosopis  communis  Nyl  ? 
which  he  had  caught  on  the  flowers.  A  further  list  of  visitors  is' 
given  in  No.  590,  III. 

According  to  Delpino,  the  anthers  of  &  officinalis,  like  those 
ot  bidentis,  are  provided  with  sticky  glands  (178) 

Salvia  porphyrantha  resembles  S.  officinalis  in  the  arrangement 
of  its  connectives,  and  in  the  inferior  anther-lobes  being  filled 
with  pollen,  though  with  a  smaller  quantity  than  that  present  in 
the  superior  lobes.1 

Salvia  glntinosa,  D,  according  to  Dr.  Ogle  (631),  differs  from 
^Jtflnnahs  in  that  the  inferior  anther-lobes  are  quite  barren  and 
■  -  withdrawn  withm  the  tube,  and  that  the  inferior,  not  the 
upenor  side  of  the  anterior  part  of  the  tube  bulges  out.    It  is 
";7l  *  ^ble-bees;  small  humble-bees,  and  hive- 

bees  whose  proboscis  is  too  short  to  reach  the  honey  legitimately. 
1  According  to  Mr.  T.  II.  Cony. 
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bite  a  hole  in  the  superior  side  of  the  tube  immediately  over  the 
nectary  and  steal  the  honey.  Dr.  Ogle  found  90  per  cent,  of  the 
iiowers  bitten  through,  and  I  have  always  found  the  flowers  bitten 
through  and  robbed  of  their  honey  by  an  Alpine  robber-bee,  Bombus 
mastrucatus,  Gerst.  ?  (609). 

Salvia  nilotica,  Vahl.  (345,  figs.  24,  25). — The  main  point  in 
which  the  flowers  differ  from  those  of  8.  officinalis  is  that  the  two 
inferior  anther-lobes  lie  freely  side  by  side,  and  the  connectives 
can  be  caused  to  revolve  separately.  Hildebrand  saw  them  visited 
by  bees. 

S.  verticillata,  L.  (345,  figs.  26-30  ;  172),  has  immovable  con- 
nectives, but  an  upper  lip  which  folds  back  when  touched  by  an 
insect- visitor,  and  exposes  the  two  superior  anther-lobes  to  contact 
with  it.  The  style,  which  would  hinder  this  movement  if  in  its 
usual  place,  is  lower  down.  Hildebrand  saw  this  species  also 
visited  by  bees.  According  to  Delpino,  the  anthers,  like  those  of 
Sideritis  and  of  8.  officinalis,  are  provided  with  sticky  glands  (178, 
p.  145).  S.  verticillata  is  visited  by  numerous  species  of  bees  and 
humble-bees  (590,  ill. ;  609). 

In  8.  patois,  Gov.  (172,  345,  fig.  31),  the  anthers  project  partly 
or  entirely  beyond  the  upper  lip.    The  connectives  are  versatile, 
and  the  lower  anther-lobes  are  metamorphosed  into  lamellae ;  the 
style  is  so  fixed  between  the  upper  arms  of  the  connectives  that 
when  the  connectives  revolve  it  is  carried  forwards  and  downwards 
with  them,  and  its  stigma,  which  projects  beyond  the  anthers,  is 
thus  brought  first  in  contact  with  the  insect's  back.    Ogle's  account 
(631)  agrees  with  Hildebrand's.    But  while  Hildebrand  considers 
self-fertilisation  and  cross-fertilisation  as  alike  possible,  Ogle  shows 
that  cross-fertilisation  is  insured.    "When  an  insect-visitor  strikes 
the  lower  arm  of  the  connective,  its  back  is  touched  by  the  anthers 
and  a  little  farther  back  by  the  stigma,  and  the  space  between  the 
two  points  is  increased  by  the  lower  stigma  being  very  short  in 
comparison  with  the  upper.    As  the  insect  passes  further  111, 
anthers  and  stigma  rub  along  its  back,  but  no  pollen  from  the 
anthers  reaches  the  stigma  of  the  same  flower.    As  the  insect 
draws  back  anthers  and  stigma  return  to  their  places  below  the 
upper  lip;  in  the  next  flower  the  stigma  comes  in  contact  with 
a  part  of  its  back  already  dusted  with  pollen.     In  several  flowers 
Dr.  Ogle  found  the  style  shorter  than  the  anthers;  in  such 
flowers&  insects  might  lead  to  self-fertilisation  as  well  as  cross- 
fertilisation.    Ogle  states  the  very  surprising  fact  that  the  honey 
in  8  patens  is  not  secreted  by  the  base  of  the  ovary  as  is  usually 
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the  case  in  Labiates,  but  by  a  thick  tuft  of  glandular  hairs  on 
the  corolla,  immediately  above  a  constriction  which  completely 
shuts  off  the  lower  part  of  the  tube  that  usually  serves  as  a  honey- 
receptacle. 

In  S.  austriaca,  Jacq.  (345,  figs.  32-35),  the  anther-lobes 
stand  far  apart  and  project  beyond  the  upper  lip.  If  the  lower 
arms  of  the  two  connectives  are  thrust  inwards  the  upper  arms 
converge,  and  the  anther-lobes  (moving  downwards  and  forwards) 
strike  against  each  other  in  front  of  the  mouth  of  the  flower. 

S.  triangularis,  Thunb.  (345,  figs.  36-39),  has  immovable 
connectives,  almost  straight,  and  lying  parallel  to  the  long  axis  of 
the  flower ;  they  have  a  fully-formed  anther-lobe  at  each  end.  The 
two  anterior  anther-lobes  project  from  the  mouth  of  the  flower,  and 
are  the  first  to  touch  the  insect's  back ;  the  two  posterior,  which 
stand  iu  the  entrance,  touch  its  sides  immediately  afterwards. 
In  the  second  stage  the  stigma  stands  in  front  of  the  anterior 
anther-lobes,  and  is  touched  first  of  all  by  the  insect. 

S.  tuUflom,  Sm.  (345,  figs.  40,  41).— The  mechanism  of  this 
flower  resembles  that  of  the  last-named  species  in  all  important 
points,  except  that  the  inferior  arm  of  each  connective  bears,  in- 
stead of  an  anther-lobe,  an  elongated  lamina  which  lies  in  contact 
with  the  upper  lip. 

348.  Salvia  silvestms,  L.,  agrees  on  the  whole  in  its  floral 
mechanism  and  in  its  proterandrous  condition  with  S.pratensis,  but 
its  flowers  are  so  much  smaller  that  a  proboscis  only  4  mm.  long 
suffices  to  reach  the  honey.  I  observed  as  its  natural  fertilisers  in 
Thunngia  :  (1)  Apis  mellifica,  L.  ?  (6),  sucking  honey,  and  dust- 
ing the  top  of  its  head  with  pollen  and  afterwards  applying  it  to 
the  stigma  in  older  flowers;  (2)  a  wasp,  Psammophila  affinis, 
Jt.  ?  (4),  m  abundance,  sucking  honey;  and  as  useless  visitors 
(3)  Pteris  rupee,  and  (4)  P.  napi. 

Salvia  clcistogama,  de  Bary  and  Paul,  when  transplanted  to 
Halle  from  Africa,  bore  only  cleistogamic  flowers  for  five  years 
(Ascherson  10).  Ascherson  considered  that  the  plant  afforded  an 
example  of  continuous  self-fertilisation  ;  but  he  himself  afterwards 
observed  ordinary  open  flowers  (11). 

Scarlet  species  of  Salvia  in  South  Brazil  are  visited  very  abund- 

Z J  yi hl™ng"blrdS  (Fl'itZ  MUller'  No-  359);  so  likewise  are 
species  of  Salvia  m  the  Cordilleras  (Darwin,  No.  164,  p.  371). 

Salvia  splcndens,  Sellow  (distinct  from  the  plant  described 
under  this  name  by  Hildebrand).-According  to  Mr.  W.  Trelease 
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this  plant  is  very  abundantly  visited  by  humming-birds,  and  is 
adapted  for  them  in  the  following  characters  :  the  small  under  lip, 
scarcely  fit  for  a  standing-place,  the  very  large  amount  of  honey, 
and  the  bright  scarlet  colour  of  the  calyx  and  corolla  (735). 

349.  Nepeta  glechoma,  Benth.  (Glechoma  hederacea,  L.). — 
In  the  small -flowered  female  form,  the  tube  is  6^  to  8  mm.  long, 
widening  in  the  anterior  half  to  a  diameter  of  only  \\  to  2£  mm. 
laterally,  and  rather  less  antero-posteriorly  :  in  the  large-flowered 
hermaphrodite  plants  the  tube  is  9  to  16,  usually  14  to  16  mm. 
long,  and,  for  the  greater  part  of  the  anterior  half,  2-|  to  4-§- 
mm.  broad,  being  slightly  less  in  the  antero-posterior  diameter. 
The  honey  in  the  small  female  flowers  is  accessible  to  all  our 
humble-bees,  while  the  large,  hermaphrodite  flowers,  by  widening 
anteriorly  to  admit  the  bee's  head,  render  their  honey  accessible  to 
all  except  B.  terrestris,  L. 

The  existence  of  plants  bearing  only  small  female  flowers  in 
Nepeta  and  also  in  Origanum,  Thymus,  Mentha,  and  others,  is  not 
to  be  explained  merely  by  the  necessity  of  insuring  cross-fertilisa- 
tion ;  for  in  all  these  genera  cross-fertilisation  is  completely  pro- 
vided for  by  the  hermaphrodite  forms  alone.  But  the  following 
view  of  the  small-flowered  female  plants  is  intelligible : — 

Of  the  flowers  of  the  same  species  growing  together,  the  most 
conspicuous  are  first  visited  by  insects,  and  if  the  flowers  on  some 
plants  are  smaller  than  on  others,  perhaps  owing  to  scanty  nourish- 
ment, they  will  generally  be  visited  last.  If  the  plant  is  so  much 
visited  by  insects  that  cross-fertilisation  is  fully  insured  by  means 
of  proterandrous  dichogamy,  and  self-fertilisation  is  thus  rendered 
quite  needless,  then  the  stamens  of  the  last-visited  small-flowered 
plants  are  useless,  and  Natural  Selection  will  tend  to  make 
them  disappear  because  the  loss  of  useless  organs  is  manifestly 
advantageous  for  every  organism. 

This  explanation  rests  upon  the  hypotheses,  (1)  that  the  flowers 
of  those  species  in  which  small-flowered  female  plants  occur  together 
with  large-flowered  hermaphrodite  plants  are  plentifully  visited 
by  insects  and  are  markedly  proterandrous ;  (2)  that  variation 
in  size  of  the  flowers  lias  alwa}'s  taken  place,  not  among  the 
flowers  on  a  single  plant,  but  between  the  floAvers  on  different 
individuals. 

Both  hypotheses  are  well  founded.  For  (1)  the  flowers  of 
Nepeta,  Thymus,  Origanum,  and  Mentha  are  plentifully  visited 
by  insects  and  are  markedly  proterandrous,  while  proterandry  1ms 
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been  quite  wrongly  ascribed  to  many  otlier  Labiates.  The  styles 
in  these  four  genera  are  still  applied  closely  together  after  the 
anthers  have  dehisced,  and  though  when  the  styles  separate  the 
anthers  may  be  still  coated  with  pollen,  self-fertilisation  is  pre- 
vented by  the  style  projecting  far  beyond  the  anthers.  In  species 
where  cross-fertilisation  is  less  perfectly  insured,  and  which  pro- 
duce seed  frequently  by  self-fertilisation,  the  smaller  hermaphrodite 
flowers  can  never  become  transformed  into  purely  female  flowers, 
since  their  anthers  are  always  of  real  service,  and  cannot  be 
removed  by  natural  selection.  And  (2)  it  cannot  be  doubted  that, 
in  Nepeta,  Thymus,  Origanum,  and  Mentha,  the  size  of  the  flowers 
has  been  subject  to  great  variations,  since  the  same  condition 
occurs  even  now,  at  least  in  Nepeta  and  Thymus.  While  flowers 
of  the  same  age  on  a  single  plant  differ  little  in  size,  we  find  on 
different  plants  all  intermediate  grades  in  size,  between  the  smallest 
female  and  the  largest  hermaphrodite  flowers  ;  and  the  largest  female 
flowers  are  quite  as  large  as  the  smallest  hermaphrodite. 

Darwin1  adduces  several  weighty  objections  to  this  view,  and 
my  own  observations  on  Gcntaurea  Jacea  also  militate  against  it. 
Darwin  prefers  to  ascribe  the  gynodicecious  condition  to  increased 
fertility.  He  supposes  that  either  some  individuals  tended  to  pro- 
duce more  seed,  and  consequently  less  and  less  pollen,  until  finally 
their  ^  stamens  disappeared ;  or  else  that  the  stamens  of  certain 
individuals  began  to  show  a  tendency  to  abort,  and  that  these 
individuals  consequently  produced  more  seed. 

Visitors  :  A.  Hymenoptera— Apidm :  (1)  Bombus  agrorum,  F.  $  ?  (10— 
15)  ;  (2)  B.  confusus,  Schenck,  9  (12—14)  ;  (3)  B.  lapidarius,  L.  $  (10—12)  • 
(4)  B.  hortorum,  L.  $  ?  (18-21)  j  (5)  B.  pratorum,  L.  9  (11—12)  •  (6)  b' 
Rajellus  111  ?  (12-13);  (7)  B.  silvarum,  L.  9  (12-14)  ;  (8)  B.  (Apathus) 
Barbutellus,  K.  9  (12)  ;  (9)  B.  (A.)  vestalis,  Fourc.  9  (12)  ;  (10)  B  (A 
rupestris,  F.  $  (11    14)  ;  most  of  these  species  very  ab.,  Bucking  both  female 
and  lL-rinaphrodxte  flowers  in  the  normal  way  ;  (11)  B.  terrestris  L  9  (7—9) 
always  bores  through  the  corolla  of  the  hermaphrodite  flowers,  and  sometimes 
of  the  small  female  flowers,  though  its  proboscis  is  long  enough  to  suck  the 
alter  normally  ;-sometimes  it  must  at  least  attempt  to  suck  the  hermaphrodite 
flowers  normally,  for  once  (May  7,  1871)  I  saw  a  specimen  sucking  female 
flowers  with  pollen  of  Nepeta  on  its  bead  ;  (12)  Apis  meffifica,  L.  ^sucking 
he  female  flora  normally  ;  0I1ce  (May  3, 1871)  I  saw  it  insert  its  head  into 
several  hermaphrodite  flowers,  but  afterwards  take  to  piercing  the  corolla  with 

anca,  L.  9  (9-10)  scarce  ;  (15)  0.  rufa,  L.  ?  j  (7_9);  SU(.ki  ,,„„,  ^ 
oi  flowers  normally  3  (16)  0.  fusca,  Christ.  9  (8)  ;  (17)  Nomada  varia,  Pz.  j 


1  Forms  of  Flowers,  p.  304,  etc. 
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(5J — 6),  sucking  the  female  flowers  in  the  normal  way  ;  (18)  Andrena  i'ulvi- 
crus,  K.  $  (34),  c.p.  ;  (19)  A.  fulva,  K.  $  (3),  trying  in  vain  to  reach  the 
honey  ;  (20)  A.  albicans,  K.  <J,  do.  ;  (21)  Halictus  lucidulus,  Schenck.  ?,do. 
B.  Diptera— («)  Bombylidm:  (22)  Boinbylius  discolor,  Mgn.  (12);  (23)  B. 
major,  L.  (10),  ab.  ;  both  species  suck, but  only  occasionally  effect  fertilisation  ; 
(b)  Syrphidce  :  (24)  Rhingia  rostrata,  L.  (11 — 12),  s.  ;  (25)  Eristalis  intricarius, 
L.,  f.p.  C.  Lepidoptera — (a)  Rhopalocera :  (26)  Pieris  brassicse,  L.  (15)  ;  (/>) 
Sphinges :  (27)  Macroglossa  fuciformis,  L.  (Stromberg)  ;  (28)  M.  stellatarum, 
L. ;  all  three  species  suck,  but  rarely  effect  fertilisation. 

350.  Scutellaria  galericulata,  L. — I  have  seen"  no  insects 
visit  this  flower  except  a  butterfly,  Rhodocera  rhamni,  L. 

351.  Melittis  melissophyllum,  L.,  is  visited  by  Bomlus 
hortorum,  L. 

352.  Stachys  silvatica,  L. — The  tube  is  10  to  11  mm.  long. 
The  very  thick,  fleshy  base  of  the  ovary  secretes  honey,  which 
fills  2  to  3  mm.  of  the  tube,  and  is  sheltered  from  rain  by  a  ring  of 
stiff  hairs  which  stand  almost  perpendicular  to  the  wall  of  the 
corolla.  The  vaulted  upper  lip  is  rather  small,  but,  owing  to  the 
almost  horizontal  position  of  the  flower,  it  completely  covers  the 
anthers  and  stigmas ;  the  under  lip  is  very  large  and  trilobed,  and 
serves  as  a  platform  for  the  bees.  The  flowers,  as  Sprengel  per- 
ceived, are  distinctly  proterandrous ;  in  the  young  flower  the 
anthers  are  found  to  have  dehisced  on  their  inferior  aspect  while 
the  end  of  the  style  lies  behind  them,  with  its  stigmatic  branches 
very  slightly  divergent ;  in  old  flowers  the  end  of  the  style  is 
curved  down  below  the  anthers  and  its  stigmatic  divisions  are 
widely  separated.  If  insect-visits  occur,  the  fertilisation  of  old 
flowers  with  pollen  from  young  is  thus  rendered  inevitable;  in 
absence  of  insects,  self-fertilisation  is  frequent,  as  may  be  easily 
demonstrated  on  plants  kept  in  the  house,  for  the  stigmas  gradually 
bend  down  between,  and  come  in  contact  with,  the  anthers,  whose 
lower  surfaces  are  still  covered  with  pollen.  The  visitors  for  which 
the  flower  is  especially  suited  are  bees  with  a  proboscis  not  less 
than  8 .  mm.  long  ;  and  the  tube  is  long  enough  to  secure  the 
honey  against  most  flies. 

Visitors  :  A.  Hymenoptera—  Apidw  :  (1)  Anthidium  manicatum,  L.  ?  J 
(9_10)  as  abundant'  as  on  Ballota  nigra  ;  (2)  Anthophora  quadrimaculata, 
Pz  0  *  (9-10),  do.  (Thur.,  Sid.)  ;  (3)  A.  furcata,  Pz.  ?  $  (11-12),  less  freq. 
(Thur )  ;  (4)  Bombus  agrorum,  F.  $  ?  (10-15),  ab.  ;  (5)  B.  pratorum,  L. 
B  *  (8—10)  :  (6)  B.  hortorum,  L.  $  (17—18),  all  sucking  normally.  B 
Diptera-SyrpMrfce:  (7)  Rhingia  rostrata,  L.  (11—12),  s.  ;  (8)  Kylota  silvarum, 
I,.  (Warstein),  trying  vainly  l"  read  Hie  honey. 
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353.  Stachys  palustris,  L.  (178,  702).— The  flowers  differ 
from  those  of  the  foregoing  species  in  the  following  points  :  the 
tube  is  only  8  to  9  mm.  long,  the  outer  (lateral)  pair  of  stamens 
are  of  equal  length  with  the  inner  (median),  the  anthers  of  the 
lateral  pair  lie,  when  the  flower  opens,  in  front  of  the  median  pair, 
and  have  already  dehisced  while  the  latter  are  still  closed ;  in 
course  of  time  they  bend  outwards  and  are  detached  by  the  median 
ones  which  now  come  to  maturity.  Finally,  the  end  of  the  style, 
whose  stigmatic  branches  now  diverge,  curves  down  between  the 
median  anthers ;  and  the  stigmas,  if  insect-visits  have  failed, 
come  in  contact  with  the  pollen  even  more  frequently  than 
in  S.  silvatica. 

Visitors :  A.  Hymenoptera — Apidce :  (1)  Bombus  silvarum,  L.  $  (10)  ; 
(2)  B.  agrorum,  F.  $  (10—12)  ;  (3)  B.  terrestris,  L.  $ ,  (7—9) ;  all  three 
sucking  normally,  not  excepting  B.  terrestris,  whose  proboscis  is  too  short  for 
Stachys  silvatica  J  B.  Diptera — Syrphidai :  (4)  Bhingia  rostrata,  L.,  s.,  now 
and  then  effecting  fertilisation  ;  (5)  Melithreptus  tseniatus,  Mgn.,  f.p.  C. 
Lepidoptera— (a)  Rhopalocera  :  (6)  Pieris  brassicse,  L.  (15)  ;  (7)  P.  rapse,  L.  ; 
(b)  Noctuce  :  (8)  Plusia  gamma,  L.,  all  three  ab.,  s. 

Stachys  germanica,  L.,  according  to  Mr.  T.  Whitelegge,  is 
gynodioecious  (774). 

354.  Stachys  Betonica,  Benth. — The  corolla-tube  is  7  mm. 
long,  smooth  internally  in  its  lower  honey-containing  part,  but 
lined  above  with  erect  hairs.  The  part  of  the  corolla  within  the 
calyx  is  narrow  and  directed  obliquely  upwards ;  beyond  the  calyx 
it  becomes  almost  horizontal,  remaining  of  the  same  width  (about 
2  mm.),  and  it  divides  into  a  trilobed  under  lip,  and  a  flattened 
upper  lip  almost  vertical  towards  its  extremity.  There  is  no  need 
here  for  a  wide  entrance  to  receive  the  bee's  head,  on  account  of 
the  shortness  of  the  tube.  The  curvature  of  the  tube  corresponds 
to  the  natural  curvature  of  the  bee's  proboscis. 

The  flowers  are  distinctly  proterandrous,  but  the  possibility  of 
spontaneous  self-fertilisation  is  not  excluded.  Shortly  after  the 
flower  opens,  the  anthers,  which  bear  a  row  of  white  beads  on  their 
upper  surface,1  dehisce,  while  the  stigmas  lie  between  and  slightly 
behind  the  shorter  anthers.  Although  the  style  has  not  nearly 
attained  its  full  length,  yet  its  stigmatic  divisions  diverge  almost 
as  much  and  are  almost  as  well  provided  with  papillse  at  this 
stage  as  they  arc  subsequently,  and  pollen  placed  on  the  papilla; 

subrtLS^  L  \  acc.ord,'"«  t0  DelPino.  *l'«>e  white  beads  apply  a  sticky 

8U08tance  to  the  insect's  proboscis  (178,  pp.  144-146). 
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adheres  readily  to  them.  As  the  anthers  dehisce  more  widely  and 
permit  the  pollen  to  escape,  the  style  elongates  and  extends  be- 
yond the  shorter  anthers,  often  bringing  the  stigmas  in  contact 
with  the  pollen ;  finally  it  protrudes  far  beyond  the  anthers,  and 
in  this  position  is  always  touched  before  the  anthers  by  an  insect- 
visitor  ;  probably  the  pollen  brought  from  another  flower  and  thus 


Fig.  164.— Stachya  Betonica,  Bentli. 

1.  —Flower,  in  first  (male)  stage,  from  the  side  (X  2J). 

2.  — Forepart  of  ditto  (x  7). 

3.  — Flower  in  second  (female)  stage  (X  2J). 

4.  — Forepart  of  ditto  (x  7). 

5.  —  Ovary  and  nectary  (x  7). 


applied  outstrips  in  its  action  that  which  is  so  often  applied  in  the 
previous  stage  when  the  stigma  is  making  its  way  past  the  anthers. 

A.  Hymenoptera— Apidce :  (1)  Boinbus  agrorum,  F.  §  ?  (10—15),  ab.,  s. 
B  Biptetar—Syrpktda:  (2)  Volueella  bonibylans,  L.  (7—8),  c.p.  (Sid.)  ;  (3) 
Eristahs  hordeola,  Mgn.  (Sid.),  c.p.  C.  Lepidoptera-ty// /«//<>«  ••  (4)  Zygsena 
l&nicerse,  Esp.,  s.,  ireq.  (Thur.  July  12,  1868).  Additional  visitors  (five  bees 
and  four  Lepidoptera)  are  enumerated  in  No.  590,  m. 

Sidcrilis  romana,  L.— The  reproductive  organs  are  inclosed 
within  the  tubular  flower;  the  style  is  very  short;  the  longer 
stamens  are  of  the  usual  form;  each  of  the  shorter  stamens  bears 
a  semicircular  connective  which  has  at  one  end  a  perfect,  and  a1 
the  other  a  rudimentary,  anther-lobe.  The  two  connectives  form 
together  a  complete  circle,  through  which  an  insect  must-  thrust  its 
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proboscis  to  reach  the  honey;  adhesive  matter  secreted  by  the 
outer  surface  of  the  perfect  anther-lobe  (which  is  turned  towards 
the  centre  of  the  ring)  is  thus  applied  to  the  proboscis  and  pollen 
is  then  cemented  to  it.  In  the  flower  next  visited,  the  hollow 
cup-shaped  stigma  scrapes  off  the  adherent  pollen  from  the 
proboscis  (178,  360). 

Marrubium,  L.,  like  Sideritis,  has  adhesive  glands  upon  its 
anthers.  An  account  of  the  structure  of  its  flower  and  a  list  of 
its  visitors  are  given  in  my  Weitcre  Beobachtungen,  ill.  pp.  50,  51. 

Physostegia,  Benth.,  according  to  Delpino,  is  proterandrous,  and 
the  stigma  comes  to  occupy  the  place  of  the  anthers.  In  P.  virgini- 
ana,  teeth  at  the  edges  of  the  valves  of  the  outer  pair  of  anthers 
aid  the  complete  removal  of  the  pollen  by  insects  (178,  360). 

355.  Prunella  vulgaris,  L— This  species,  like  so  many  other 
Labiates,  includes  two  forms,  one  with  large  hermaphrodite,  the 


Fig.  165.—  Prunella  vulgaris,  L. 

1.  — Hermaphrodite  flower,  from  the  front. 

2.  — Upper  part  of  a  long  stamen. 

3.  — Pppcr  part  of  a  short  ditto. 


other  with  smaller  female  flowers  in  which  only  rudimentary 
f  unctionless  remains  of  the  stamens  persist.  In  Prunella  vulgaris 
the  female  form  is  much  rarer  than  the  hermaphrodite. 

In  the  small-flowered  form  the  tube  is  only  4  to  5  mm  loner  ■ 
the  style  projects  beyond  and  above  the  upper  lip,  and  its  two 
stigmas  diverge  widely.  I  have  found  not  only  the  stigmatic 
papillae  but  the  whole  inner  surface  of  the  entrance  of  the  flower 
in  this  form  thickly  covered  with  pollen,  proving  that  insect-visits 
were  plentiful  in  both  forms  of  the  flower 


490  THE  FERTILISATION  OF  FLOWERS.       [part  hi. 

In  the  large-flowered  form  the  tube  is  7  to  8  mtn.  long ;  the 
longer  stamens  divide  above  into  two  very  divergent  branches,  of 
which  one,  slightly  shorter  than  the  other,  is  turned  towards  the 
middle  line  of  the  flower  and  bears  the  two  anther-lobes ;  the  other 
branch  is  turned  outwards,  and  its  pointed  end  rests  upon  the  con- 
cave surface  of  the  upper  lip,  and  insures  the  anthers  (which  dehisce 
inferiorly)  being  in  the  position  on  either  side  of  the  stigmas  where 
they  are  most  certain  to  be  touched  by  a  bee-visitor.  Dr.  Ogle 
explains  these  processes  of  the  filaments  in  a  similar  way  (632). 
The  shorter  stamens  also  divide  into  two  branches  (Fig.  165), 
which  are  much  shorter,  but  serve  the  same  purpose. 

Owing  to  the  position  of  the  anthers,  the  dorsal  surface  of  the 
bee  comes  first  in  contact  with  the  stigmatic  papillae  of  the  inferior 
stigma,  and  is  afterwards  dusted  with  new  pollen.  In  the  event 
of  insect-visits  cross-fertilisation  is  thus  fully  insured.  I  have 
never  observed  spontaneous  self-fertilisation  in  absence  of  insects 
in  any  of  the  plants  which  I  have  kept  in  my  room.  According 
to  Axell,  however.,  this  plant  produces  seed  by  self-fertilisation 
when  insects  are  excluded  (17). 

Visitors :  A.  Hyruenoptera — Apidw :  (1)  Apis  niellifica,  L.  §  (6)  ;  (2) 
Bonibus  silvarum,  L.  $  (10)  ;  (3)  B.  lapidarius,  L.  £  (8 — 10) ;  (4)  B.  pratorum, 
L.  $  (8)  ;  (5)  B.  terrestris,  L.  <J  (7—8)  ;  (6)  Megachile  Willuglibiella,  K.  $ ; 
(7)  Anthophora  furcata,  Pz.  <J  (11 — 12),  all  sucking  normally  ;  the  females 
sometimes  have  pollen  in  their  baskets  ;  (8)  Cilissa  hsemarrhoidalis,  Pz.  $ , 
tried  in  vain  to  suck  the  large-flowered  form, — it  dusted  itself  with  pollen  on 
the  large  flowers,  and  so  in  passing  to  the  small  ones,  which  it  can  suck  easily,  it 
effected  cross-fertilisation.  B.  Lepidoptera — Rhopalocera :  (9)  Lycsena  argiolus, 
L.  ;  (10)  Hesperia  silvanus,  Esp.  ;  (11)  Melitsea  Athalia,  Esp.,  all  three  sucking ; 
their  thin  tongues  enter  the  flower  without  touching  the  essential  organs.  See 
also  No.  590,  nr.,  for  a  further  list  of  visitors  in  Low  Germany.  A  list  of  Alpine 
visitors  (one  fly,  five  humble-bees,  ten  Lepidoptera)  is  given  in  No.  609. 

Prunella  grandiflora,  Jacq. — The  four  anthers  lie  parallel  with 
one  another  on  the  same  level,  and  the  two  outer  stamens  are  bent 
downwards  by  a  special  mechanism  as  soon  as  a  bee  thrusts  its 
proboscis  down  into  the  flower.  The  unusually  wide  corolla-tube 
shows  two  shallow  invaginations  on  each  side.  One  pair  are  placed 
about  the  middle  of  the  corolla,  in  its  anterior  (inferior)  half,  and 
are  prolonged  directly  into  the  outer  stamens  which  then  pass 
backwards  and  course  upwards  close  beneath  the  upper  lip.  At 
one  point  they  are  grasped  by  the  posterior  invaginations,  and  are 
thus  divided  into  two  parts,  and  form  levers  of  which  the  upper 
arm  is  four  times  as  long  as  the  lower,  the  fulcrum  being  furnished 
by  the  posterior  invaginations  of  the  corolla.   The  bee,  in  insert  ing 
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its  proboscis  through  the  narrow  passage  between  the  lower  ends 
of  the  outer  filaments,  cannot  avoid  touching  the  lower  and  shorter 
arms  of  the  levers ;  and  the  long  arms  at  once  bend  down,  bringing 
the  anthers  in  contact  with  the  bee's  back.  The  median  pair  of 
stamens  only  become  free  a  little  below  the  hood  of  the  upper  lip, 
and  their  anthers  are  only  touched  by  large  humble-bees.  The 
flower  is  distinctly  proterandrous. 

The  fertilisers  are  almost  exclusively  humble-bees  (609). 

356.  Galeopsis  Tetrahit,  L. — The  tissue  below  the  ovary 
expands  into  a  nectary  which  surrounds  the  two  anterior  divisions 


Fig.  166. 
1 — 3. — Galeopsis  Tetrahit. 

1.  — Flower,  from  the  front. 

2.  — Its  essential  orgaDS,  from  the  front  (x  7). 

3.  — Ovary  and  nectary  (x  7). 

4 — 6. — G.  ochroleuca. 

4.  — Position  of  the  reproductive  organs  when  the  flower  expands. 

5.  — Ditto,  when  it  withers. 
0'.— Ovary  and  nectary. 

of  the  ovary.^  The  honey  is  lodged  in  the  lower,  smooth  portion  of 
the  tube,  which  ascends  obliquely  and  is  of  very  variable  length,  in 
different  plants.  In  the  cases  which  I  examined  it  varied  from  11 
to  17  mm.  For  a  space  of  4  to  6  mm.  at  its  upper  part,  this  tube 
is  wide  enough  to  admit  the  whole  head  of  a  small  humble-bee,  or 
at  least  the  front  half  of  that  of  a  large  one  ;  so  that  large  humble- 
bees  with  a  proboscis  not  less  than  14  to  15  mm.  long,  and  small 
ones  with  a  proboscis  12  mm.  long,  can  reach  the  base  of  the  tube  in 
the  largest  varieties  of  G.  Tetrahit.  The  corolla  divides  above  into  a 
vaulted  upper  lip  which  covers  the  anthers,  and  a  trilobed  under  lip 
which  serves  as  a  landing-place  ;  the  under  lip  bears  guiding-marks 
and  is  modified  to  facilitate  the  introduction  of  the  bee's  head' 
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The  guiding-marks  or  pathfinders  consist  of  a  yellow  spot  inter- 
woven with  a  net  of  red  lines  at  the  base  of  the  middle  lobe  of 
the  under  lip.  The  entry  of  the  bee's  head  is  aided  by  two  convex 
poucbes  at  the  base  of  the  lateral  lobes  of  the  under  lip,  which  rise 
up  on  either  side  of  tbe  base  of  the  middle  lobe,  and  cause  the 
shape  of  the  entrance  to  conform  to  the  inferior  curvature  of  the 
bee's  head.  The  anthers  dehisce  shortly  before  the  corolla  expands, 
and  have  their  pollen-covered  surfaces  turned  downwards  like  all 
the  other  Labiatse  described  here.  The  two  divisions  of  the  style 
lie  at  first  above  and  behind  the  anthers ;  the  upper  and  shorter 
one,  which  continues  the  direction  of  the  style,  bears  very  feebly 
developed  stigmatic  papillae,  while  those  upon  the  longer  division, 
which  is  bent  downwards,  are  very  conspicuous.  A  bee  sucking 
honey  in  a  young  flower  touches  with  its  dorsal  surface,  first  the 
anthers,  and  immediately  afterwards  (pushing  up  the  anthers)  the 
papillar  tip  of  the  lower  stigma.  Usually  the  small  part  of  the 
bee's  back  which  comes  in  contact  with  the  stigma  lies  just  between 
the  spots  that  have  been  dusted  with  pollen  in  the  same  flower, 
and  thus  cross-fertilisation  is  carried  on. 

Gradually  the  end  of  the  style  curves  downwards,  and  its 
lower  division  projects  between  the  upper  anthers,  so  that,  if  the 
pollen  has  not  already  been  carried  away,  self-fertilisation  ulti- 
mately occurs. 

Visitors  :  A.  Hymenoptera—  Apidce  :  (1)  Bombus  agrorum,  F.  $  (12—15); 
(2)  B.  silvarum,  L.  ?  (12—14)  ;  (3)  B.  Scrimshiranus,  K.  £  (10),  all  three 
sucking  normally  ;  (4)  B.  terrestris,  L.  $  ,  reaching  the  honey  through  holes 
bitten  in  the  lower  part  of  the  tube  ;  (5)  Andrena  Coitana,  K.  $  (Tekl.  B.). 
B.  Diptera— Syrphidce :  (6)  Melanostoma  mellina,  L.,  f.p.  See  also  No.  590, 
in.,  and  No.  609. 

357.  Galeopsis  ochroleuca,  Lam.  (Fig.  166). — The  nectary 
has  the  same  position  as  in  0.  Tetrahit,  but  it  embraces  the  lower 
part  of  the  two  posterior  divisions  also  of  the  ovary,  and  (while 
the  flower  is  in  full  bloom)  it  distinctly  overtops  the  two  anterior. 
The  tube  is  18  to  20  mm.  long,  and  wide  enough  in  its  upper  6  or 
7  mm.  to  admit  any  humble-bee's  head,  so  that  a  proboscis  11  to 
14  mm.  long  suffices  to  reach  the  honey.  The  corolla  is  yellowish- 
white,  with  yellow  guiding-marks  at  the  base  of  the  under  lip,  and 
in  other  respects  it  agrees  with  that  of  G.  Tetrahit. 

In  the  relative  positions  of  the  essential  organs,  this  species 
differs  from  G.  Tetrahit,  for  the  stigmas  extend  forwards  beyond 
the  longer  stamens.  The  lower  stigma  is  in  consequence  of  tins 
touched  before  the  anthers  by  the  bee,  and  in  course  of  time  its 
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tip  curls  round  under  the  superior  lobes  of  the  taller  anthers; 
so  that  cross-fertilisation  in  case  of  insect-visits  and  self-fertilisation 
in  their  absence  are  insured  here  also,  but  not  in  the  same  way  as 
in  G.  Tetrahit. 

I  have  frequently  observed  Bombus  agrorum,  F.  ?  (12 — 15), 
sucking  the  honey  and  fertilising  the  flower.  Some  other  visitors 
are  enumerated  in  No.  590,  III. 

Galeopsis  versicolor,  Curt. — The  tube  is  18  to  22  mm.  long,  and 
wide  enough  for  a  space  of  6  to  8  mm.  at  its  upper  end  to  admit 
a  humble-bee's  head.  A  bee,  if  it  thrusts  its  whole  head,  5  to  6 
mm.  long,  into  the  tube,  requires  a  proboscis  12  to  16  mm.  long 
to  exhaust  the  honey,  and  one  at  least  10  mm.  long  even  to  taste 
it,  as  the  honey  does  not  fill  more  than  2  or  3  mm.  of  the  tube. 
Of  all  our  humble-bees,  only  B.  hortorum,  L.  (19 — 21),  and  the 
females  of  B.  agrorum,  F.  (15),  i?.  senilis,  Sm.  (15),  and  B.fragrans, 
K.  (15),  can  drain  or  nearly  drain  G.  versicolor  of  its  honey. 
Otherwise  the  flower  resembles  that  of  G.  Tetrahit,  save  that  the 
guiding-marks  are  much  more  conspicuous  ;  for  while  the  flower  is 
mainly  yellowish-white,  the  under  lip  is  dark  violet  anteriorly,  and 
yellow  at  its  base.  I  have  not  yet  observed  bees  visiting  the 
flower.  Axell  (17)  found  that  when  insects  were  excluded  the 
plant  produced  seed  by  self-fertilisation. 

358.  Galeopsis  Ladanum,  L.— The  tube  is  11  to  16  mm. 
long,  and  its  wide  part  5  to  6  mm. ;  so  that  in  the  shortest  examples 
a  bee  with  a  proboscis  only  6  mm.  long  can  drain  all  the  honey 
if  it  forces  its  way  for  a  distance  of  5  mm.  into  the  tube.  In 
the  relative  positions  of  stigma  and  anthers  this  species  exactly 
resembles  G.  ochroleuca.  In  regard  to  the  nectary  and  the  way 
in  which  the  bee's  proboscis  is  guided  towards  the  entrance  of  the 
tube,  the  flower  agrees  with  that  of  G.  Tetrahit.  I  have  seen  the 
following  bees  effecting  fertilisation  : — 

(1)  Bombus  agrorum,  F.  ?  (12-15)  ;  (2)  B.  lapidarius,  L.  <#  (8-10)  ;  (.3) 
B.  s.lvarum  L.  ?  (12-14)  ;  (4)  Nomada  Jacobs,  P2.  ?  (6),  all  sucking 
normally.    See  also  No.  590,  in.,  and  No.  609. 

359  Lamium  album,  L.-The  base  of  the  ovary  expands 
antenorly  into  a  fleshy  lobe,  which  secretes  honey  and  invests  the 
two  anterior  divisions  of  the  ovary  for  half  their  height  (Fig.  167 
*,  a).  The  base  of  the  corolla-tube,  for  a  space  of  3  to  31  mm  is 
Qarrowand  serves  to  contain  the  honey;  it  points  obliquely  upwards 
trom  the  stem,  and  is  closed  above  by  a  ring  of  hairs.  Immediately 
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above  this,  the  tube  suddenly  widens,  forming  a  pouch  anteriorly, 
and  its  direction  changes,  becoming  parallel  to  the  stem. 
Very  many  short-lipped  insects,  especially  flies  and  small  bees, 
which  are  too  small  to  effect  cross-fertilisation,  are  thus  excluded  ; 
for  Lamium  album,  like  so  many  of  our  native  flowers  with  tubes 
10  to  20  mm.  long,  is  specially  adapted  for  bumble-bees  and  other 
large  bees.-  The  following  characters  of  the  corolla  exemplify  this. 
The  erect  part  of  the  tube,  which  is  7  mm.  long,  is  followed  by  the 
division  of  the  tube  into  a  bilobed  lower  lip  (b,  1)  which  serves  as 
a  landing-place,  two  erect  lateral  lobes  (c,  1)  which  admit  the  bee's 
head  between  tbem  and  are  continued  directly  upwards  from  the 
side-walls  of  the  tube,  and  tbe  horizontal  vaulted  upper  lip  (e,  1) 
which  serves  to  shelter  the  antbers  (/,  1)  and  the  stigmas  (g,  1) 
immediately  below  it.    The  small  appendages  of  the  lateral  lobes 


Fir;.  107. — Lamium  album.  L. 

1.— Flower,  from  the  side. 

•J.— Ditto,  after  removal  of  the  calyx. 

3. — Ovary  and  nectary  (x  7). 

a^ctnry  *  b?  mder  lip?'c,  side-lobes  which  receive  the  bef  s  heod  between  them ; 
d,  functionless  appendages  ;  e,  upper  lip  ;  /,  anthers  ;  g,  lower  division  of  the  style. 

(c,  1)  are  functionless  rudiments  of  the  primitive  five-lobed  corolla. 
One  of  the  divisions  of  the  style  which  lies  above  or  between  the 
anthers  lies  in  the  same  straight  line  with  the  style ;  while  the 
other,  a  little  shorter,  bends  downwards  almost  at  right  angles,  ^so 
that  its  stigmatic  tip  projects  below  the  anthers  (4,  Fig.  167). 
Cross-fertilisation  is  therefore  induced,  not  by  dichogamy,  but  by 
the  position  of  the  stigma.  In  absence  of  insects,  self-fertilisa- 
tion may  take  place,  but  it  is  doubtless  rare,  for  the  flowers  are 
plentifully  visited  by  bees. 

We  can  estimate  by  direct  observation  how  perfect  the 
adaptation  of  this  flower  is  to  bees'  visits.  The  bee  alights  on 
the  under  lip,  and  in  doing  so  thrusts  its  head  between  the  broad 
lateral  lobes  of  the  mouth,  clings  with  its  forefeet  to  the  base 
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of  the  under  lip,  and  with  its  mid  and  hindfeet  to  the  two  lobes 
of  the  under  hp  ;  then,  if  its  proboscis  is  not  less  then  10  mm. 
long,  it  can  at  once  reach  the  base  of  the  flower.  While  sucking, 
the  thorax,  and  in  the  case  of  small  workers  the  base  of  the 
abdomen  also,  fills  up  the  space  between  the  upper  and  lower  lips, 
and  the  vaulted  upper  lip  fits  the  bee's  back,  which  is  pressed 
against  the  stigma  and  the  open  face  of  the  anthers.  These 
organs  are  often  rubbed  also  by  the  bee's  head  as  it  enters  the 
flower.  In  either  case,  the  lower  stigma  gets  touched  before  the 
anthers,  and  as  the  bees  fly  diligently  from  flower  to  floWer,  cross- 
fertilisation  proceeds  regularly. 

The  following  observation  shows  how  much  this  plant  is  visited 
by  humble-bees  in  fine  weather.  One  fine  spring  morning  (May 
17,  1868),  while  I  was  watching  Bombus  agrorum  feeding  on 
Zamium  album,  I  observed  that  by  the  expansion  and  contraction 
of  the  bee's  abdomen  each  separate  act  of  sucking  could  be 
distinguished ;  and  that  it  was  possible  to  tell,  when  a  bee  began 
to  suck,  whether  the  flower  was  already  exhausted  of  its  honey. 
I  found  that  between  9  and  10  A.M.  a  bee  of  the  species  Bombus 
agrorum  abandoned  four  to  five  flowers  on  an  average  after  a 
single  taste  before  it  found  a  flower  on  which  it  performed  the  act 
of  sucking  several  (four  to  six  or  even  eight  to  ten)  times.  By 
that  early  hour  of  the  day  four-fifths  of  all  the  flowers  of  this 
plant  had  been  emptied  of  their  honey. 

Visitors  :  Hyinenoptera— Ajndm :  (1)  Bombus  agrorum,  F.  $  <j>  (10—15)  ; 
(2)  B.  hortorum,  L.  $  <j?  (18—21)  ;  (3)  B.  silvarum,  L.  9.  (12—14) ;  (4)  B* 
senilis,  Sm.  $  (14—15)  ;  (5)  B.  lapidarius,  $  ?  (10—14)  ;  (6)  B.  Scrini- 
shrranus,  K.  ?  $  (10),  creeping  far  into  the  flower ;  (7)  B.  Kajellus,  111.  $ 
(12-13);  (8)  B.pratorum,L.  ?  (11-12),  all  sucking  normally,  and  sometimes 
brushing  pollen  off  their  backs  into  the  pollen-baskets  ;  (9)  B.  terrestris,  L 

?  (7-9),  bites  through  the  tube  close  above  the  calyx  in  open  flowers  and  in 
nearly  mature  buds;  (10)  Apis  mellifica,  L.  §  (6),  only  reaches  the  honey 

hrough  holes  bitten  by  B.  terrestris  ;  (11)  Anthophora  pilipes,  F.  ?  /; 

12)  Eucera  longicornis,  L.  $  (10-12)  ;  (13)  Melecta  armata,  Pz.  ?  (12*) 

he  last  three  sucking   normally  ;   (14)   Andrena  nitida,  K.  $  (34V  B 
through  the  holes  bitten  by  B.  terrestris  ;  (15)  Andrena  albicans,  K.  9  :  (16 
Ha beta,  avigatus  K  ?    I  saw  these  last  two  collecting  pollen  ;  they  seemed 
ashkely  to  effect  self-fertilisation  as  cross-fertilisation.  B.  ffipta^Utfa  • 

10  Rhingia  rostrata,  I,,  creeps  a  little  way  into  the  flower  and  inserts  its 

and8No  log'0"*  t0UCMng  either  Stigma  °r  See  also  Na  59°'  m" 

Zeomirus  Cardiaca,  L.,  is  visited  by  the  hive-bee  and  bv 
humble-bees  (590,  nr. ;  609).  by 
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Lamium  amplexicazde,L.  (see  Fig.  2,  p.  19). — The  tube  is  14  to 
16  mm.  long,  narrow  for  the  lower  10  to  11  mm.,  and  above  that  wide 
enough  to  admit  a  humble-bee's  head.  I  have  never  seen  the 
flowers  visited  by  insects,  though  they  are  no  doubt  cross-fertilised 
by  humble-bees ;  but  I  have  often  found,  immediately  after  the 
opening  of  the  flower,  the  tip  of  the  lower  stigma  standing  not 
above  but  below  and  between  the  anthers,  and  dusted  with  pollen, 
—no  doubt,  from  the  same  flower.  Besides  these  normal  self- 
fertilising  flowers,  the  plant  reproduces  itself  by  means  of  cleis- 
togamic  flowers.  These  have  been  described  minutely  by  Walz 
(759)  and  Hildebrand  (351). 

360.  Lamium  Galeobdolon,  Crantz. — The  tube  is  8  mm. 
long,  smooth  in  its  lower,  honey-holding  part,  but  lined  with  hairs 
above  ;  the  entrance  is  expanded,  and  .the  hive-bee  can  reach  the 
base  of  the  flower  though  its  proboscis  is  only  6  mm.  long.  The  two 
branches  of  the  style  are  beset  with  very  short,  flat  papillae  which 
do  not  increase  in  size,  and  they  diverge  almost  to  their  full  extent 
soon  after  the  flower  opens.  Cross-fertilisation  is  favoured  not  by 
dichogamy  but  by  the  position  of  the  parts.  At  first  the  tip  of  the 
lower  division  of  the  style  lies  somewhat  above  the  lower  surface 
of  the  anthers,  and  hence  if  the  bee's  back  presses  lightly  against 
the  anthers  it  escapes  being  touched ;  if  the  bee  is  large  and 
presses  forcibly  against  the  anthers,  the  stigma  at  least  comes  in 
contact  with  a  different  part  of  the  bee,  and  is  more  likely  to  re- 
ceive pollen  from  another  flower  than  its  own.  Afterwards  the  tip 
of  the  lower  stigma  comes  to  project  below  the  anthers,  and  is 
now  regularly  touched  first  by  the  bees.  I  have  observed, 
on  plants  kept  in  the  house,  that,  in  the  absence  of  insects, 
pollen  usually  falls  in  the  course  of  time  upon  the  lower 
stigma. 

The  visitors  are  exclusively  bees. 

(1)  Bombus  hortorum,  L.  $  (21),  ab.  ;  (2)  B.  silvamm,  L.  $  (12—14)  ; 
(3)  B.  Kajellus,  IU.  ?  (12—13)  ;  (4)  B.  agrorum,  F.  ?  (13-15),  very  freq.  ; 
(5)  B.  pratorum,  L.  $  ?  (8—12),  ab.,  all  sucking  normally,  and  Bometimes 
brushing  the  pollen  from  their  backs  into  their  pollen-baskets  ;  (6)  B.  terres- 
tris,  L.  ?  (7—9),  boring  holes  to  suck,  though  its  proboscis  is  long  enough  to 
reach  the  honey  in  a  legitimate  manner;  (7)  Apis  mellifica,  L.  usually 
takes  advantage  of  the  holes  bored  by  B.  terrestris  —  once  I  found  it  sucking 
in  the  normal  way,  with  its  bark  thickly  covered  with  pollen.  See  also  No. 
590,  nr.,  and  No.  609. 

361.  Lamium  maculatum,  L.,  agrees  in  the  main  features  of 
its  flower  with  I.  album;  but  its  tube  is  15  to  17  mm.  long,  so 
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that  supposing  that  a  bee  thrusts  its  head  5  mm.  into  the  wide  upper 
part,  a  proboscis  10  to  12  mm.  long  is  needed  to  reach  the  honey. 

Visitors:  A.  HymeRoptera,- Ajridce :  (1)  Bombus  hortorum,  L.  $  2  (18— 
21),  very  ab.,  sucking  normally ;  (2)  B.  agrorum,  F.  ?  (12—15),  do. ;  (3) 
B.  terrestris,  L.  2  (7—9),  bores  through  the  corolla  close  above  its  bend,  either 
piercing  it  with  its  niaxillse  or  biting  a  hole  with  its  mandibles  ;  (4)  B.  Bajellus, 
111.  t?  (10—11),  steals  the  honey  through  holes  bitten  by  B.  terrestris.  B.' 
DiTptnTH—Syrphidce:  (5)  Bhingia  rostrata,  L.  (11— 12),  f.p.,  after  trying  in  vain 
to  reach  the  honey.    See  also  No.  590,  m. 

362.  Lamium  purpureum,  L.— The  tube  is  only  10  to  11  mm. 
long,  and  for  the  upper  4  to  5  mm.  it  is  wide  enough  to  admit  the 
head  of  a  small  humble-bee.     The  hive-bee,  though  its  pro- 
boscis is  only  6  mm.  long,  is  thus  enabled  to  suck  the  honey. 
Sprengel  calls  the  plant  proterandrous  ;  but  in  all  the  flowers 
which  I  have  examined  the   stigmas   and  anthers  developed 
simultaneously,  though  at  first  the  angle  between  the  two  stigmas 
was  less  than  it  afterwards  became,  and  the  lower  stigma  stood  at 
first  above  or  between  the  anthers,  but  afterwards  bent  down 
below  them.    To  decide  whether  the  stigma  is  already  capable  of 
fertilisation  when  the  flower  opens,  I  set  a  plant  of  L.  purpureum 
in  a  pot  (April  26,  1871),  and  removed  all  the  flowers  and  capsules 
already  present  on  it.    Next  morning  five  flowers  had  just  opened ; 
in  each  I  bent  back  the  upper  lip  and  the  four  anthers,  and  cut  the 
latter  off;  I  then  placed  upon  the  two  stigmas  (the  lower  of  which 
received  in  this  process  some  pollen  of  its  own  flower)  pollen  from 
freshly  opened  flowers  of  another  plant,  and  I  then  marked  my 
flowers  with  a  spot  of  ink  upon  the  calyx.    The  rest  of  the  flowers 
I  kept  m  my  room,  untouched  and  protected  from  insects    All  the 
flowers  were  perfectly  fertile.    On  May  21  the  twenty  nutlets  of 
the  five  flowers  which  I  had  fertilised  on  April  27  had  all  fallen 
out,  and  I  succeeded  in  finding  them  all.    On  June  8  I  collected 
on  the  surface  of  the  pot  seventy-eight  nutlets  which  had  fallen 
from  the  self-fertilised  flowers.    Lamium  purpureum  is,  there- 
fore, certainly  homogamous,  and  in  default  of  insect-visits  fertilises 
itself  regularly. 

Visitors:  A.  Hymenoptera-^^ (1)  Apis  mellifi  L 
Anthophora  pipes,  F.  ?  9  (19-21) ;  (3)  Bombus  hortorum,  L  9  (21  '•  2 
IT  am  all  9iv3)  5  (5)£  agr°rUm'  *  9  (12~15>  ^  W  Select  annate 

Uiptera-Som  W« ..  (i0)  Bombylius  major,  L.  (10),  s.    See  also  No.  590,  m. 

K  K 
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363.  Lamium  incisum,  Willd. : — 

Visitors:  Hymenoptera— Apidas ;  (1)  Anthophora  pilipes,  F.  ?  $  (19— 
21),  ab.  ;  (2)  Bombus  pratorum,  L.  ?  (11$)  ;  (3)  B.  Rajcllus,  111.  ?  (12—13)  ; 
(4)  Apis  mellifica,  L.  $  (6),  all  sucking  normally  ;  (5)  Halictus  oylindricus, 
K.  $  (3),  trying  in  vain  to  reach  the  honey. 


364.  Ballota  nigra,  L. — The  corolla-tube  is  only  7  mm. 
long  ;  above,  it  widens  so  little  that  a  hive-bee  can  only  insert 
the  anterior  part  of  its  head,  and  can  just  reach  the  base  of 
the  flower  with  its  proboscis,  which  is  6  mm.  long.  Two  milli- 
metres from  its  base  the  tube  is  blocked  by  a  ring  of  stiff 
hairs,  which  permit  the  bee's  proboscis  to  pass  easily.  They 
would  suffice  to  exclude  rain-drops,  and  are  described  by  Sprengel 


Fig.  Ifi8. — Ballota  nigra,  L. 

1.  — Essential  organs  of  a  young  flower,  viewed  obliquely  rrom  the  front  (x  7). 

2.  — Ditto,  of  an  older  flower. 

3.  — Ovary  (ou)  and  nectary  (n). 


us  serving  that  purpose ;  but  as  the  horizontal  position  of  the 
flower  and  its  vaulted  upper  lip  are  sufficient  protection  against 
rain,  their  true  use  seems  to  be  to  exclude  flies.  Since  flies  pro- 
ceed irregularly  for  the  most  part  in  visiting  flowers,  those  species 
whose  proboscis  is  long  enough  to  reach  the  honey  of  Ballota 
{Bhingia,  Eristalis,  etc.)  might  rob  many  flowers  of  their  honey 
without  fertilising  them;  but  the  ring  of  hairs  is  sufficient  to 
prevent  the  expanded  end  of  a  fly's  proboscis  from  entering. 

The  under  lip  is  marked  with  white  guiding-lines  which  poinj 
towards  the  mouth  of  the  tube ;  its  broad  central  lobe  serves  as  a 
landing-place,  the  clefts  between  it  and  the  lateral  lobes  afford 
firm  foothold  for  the  forelegs  and  midlegs  of  the  bee,  and  the 
lateral  lobes  with  the  groove  between  them,  bounded  by  two 
longitudinal  ridges,  guide  the  bee's  proboscis. 
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( 'loss-fertilisation  is  favoured  by  the.  feebly-marked  proteran- 
drous  dichogamy,  and  by  the  relative  positions  of  stigma  and 
anthers.     At  first,  the  divisions  of  the  style  lie  close  together 
behind  the  anthers  (1,  Fig.  168)  ;  afterwards,  when  the  pollen  is 
removed,  they  diverge  more  and  bend  down  in  front  of  and  below 
the  anthers  (2,  Fig.  168).    In  sunny  weather  bees'  visits  are  so 
plentiful  that  all  the  pollen  is  removed  before  the  stigmas  diverge 
and  bend  downwards.    During  rainy  weather,  and  in  plants  kept 
in  the  house,  great  part  of  the  pollen  as  it  escapes  from  the  anthers 
remains  adhering  to  the  long  woolly  hairs  which  cover  the  under 
surface  of  the  upper  lip,  and  the  inferior  stigma  curving  down- 
wards among  these  hairs  becomes  covered  with  the  pollen  of  its 
own  flower. 

Visitors  :  A.  Hymenoptera— Apidm :  (1)  Apis  mellifica,  L.  Q  8  (6)  •  (2) 
Bomb,*  Kajellus,  111.  ?  (12-13),  s.  andc.p.  ;  (3)  B.  silvarum,  L.  (10-12),  s 
(4)  B.  lapidanus,  L.  $  (10-12),  s.  ;  (5)  B.  hypnorurn,  L.  $  (10-11)  s  •  (6) 
?■  ?  (13~M)'  S-  ;  M  B.  (Apathus)  rupestris,  F.  ?  (11-14) 
tJ  f  f^tl;°P^orancluadrim^ata,  Pz.  ?  S  (9-10),  s.  and  c.p.,  very  ab. 
(9)  A  ta  P,  >J  s.  andcp.,  scarcer  (Thur.)  ;  (10)  Osmia  aurulenta,  Pz. 
Pz  V'%ff  l'iUl0-^^-  ?  (9-10),s.;(12)  0.  fulviventris, 

(  ,  r');  (l)  Anth,ldlum  manicatum,  L.  ?       wherever  Ballota 
grows  very  at ».  m  sunny  weather,  the  females  diligently  collect  pollen  and 

r,flo?ey'^      6  mtlThlXZZah0lXt  and  °^-ally descend  to  suck  honev 

(  J  Z  ''      ]  6  Pjrina'  Lep-  (faSCkta'  Sm")  ?  >      B-  Lepidoptera. 

-(a)  Rhopalocera  :   15)  Argynnis  Paphia,  L.  ;  (16)  Vanessa  urticaa  L.  (12)  ; 

w^tsr   (1S)P-ns  brassier,  L.  (15);  (19)  P.rap*,!,;  (20)  Colli 
LV.(6)  Sp!nnfjes '        Macroglossa  stellatarum,  L.  ;  all  these  Lepidonten 
weresuckmg;  the  specimens  I  caught  had  their  tongues  dnTted  ^CoUen 
and  were  probably  effecting  fertilisation.    See  also  No  59o,  in  ? 

In  Prostanthera,  Labill.,  long  two-  or  three-toothed  appendages 

llLlT^veVome  ? contact  with  the  insect  and  c-se 

snedclmg  of  the  pollen  (178,  360). 

m^Tmmmi  ScoaODONU,  L.,  is  markedly  proterandrous.' 
When  the  flower  opens,  the  stamens  protrude  from  it,  lying  close 
to  the  superior  wall  of  the  tnbe,  and  continuing  in  a  ine  with  ft 
or  benchng  shghtly  forwards.    The  two  divisions  of  t e  sty  are 

°«ng  touched  by  the  head  of  a  bee  visiting  the  flower  •  the 
">ers,  wbaeb  denize  inferiorly  by  a  longitudinal  sUt  shed  tbefr 
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pollen  on  the  bee's  head.  Gradually  the  filaments  bend  backwards 
(2,  1,  Fig.  169)  out  of  the  bee's  way,  while  the  two  stigmas  spread 
more  and  more  apart,  bending  slightly  forwards  into  the  place 
where  the  anthers  were  before.  In  absence  of  insects,  self-fertili- 
sation rarely  takes  place,  for  the  stamens  as  a  rule  do  not  touch 
the  stigmas ;  yet  in  a  good  many  flowers  the  anthers  come  in 
contact  with  the  stigmas  in  bending  backwards,  and  dust  them 
with  pollen. 

Honey  is  secreted  by  the  tissue  below  the  ovary,  as  in  all  the 
Labiates  that  I  have  examined  (cf.  Fig.  168,  3),  and  so  plentifully 
that  the  corolla- tube  (which  is  9  to  10  mm.  long)  is  often  filled 
to  a  depth  of  4  mm.    The  flowers  are  rendered  conspicuous  by 


Fig.  169.— Teucrium  Scorodonia,  L. 

1.  — Flower,  in  first  (male)  stage  (x  3J). 

2.  — Ditto,  at  the  beginning  of  the  second  (female)  stage. 
B. — Ditto,  at  the  end  of  the  second  stage. 


aggregation,  and  in  spite  of  their  dull  colour  they  are  so  abundantly 
visited  by  insects  as  to  be  able  to  dispense  with  the  power  of  self- 
fertilisation. 

Visitors  :  A.  Hymenoptera— Apidcc :  (1)  Bombus  pratorum,  L.  $  $  (8— 
114),  s.,  very  ab.  ;  (2)  B.  agroruni,  F.  $  ?  (10—15),  do.  ;  (3)  B.  hypnorum, 
L.  $  (10),  s.  ;  (4)  Antbophora  quadrirnaculata,  Pz.  $  (9— 10),  s.  ;  (5)  Saro- 
poda  biinaculata,  Pz.  ?  $  (9),  very  ab.,  s.  B.  Diptera— St/rphidce :  (6)  Eri- 
stalis  nemorum,  L.,  f.p.,  and  thus  only  able  to  effect  fertilisation  occasionally. 
It  is  notewortby  tbat  tbe  honey-bee  (whose  proboscis  is  6  mm.  long),  was  not 
observed  on  this  abundantly  nectariferous  flower.  It  would  be  just  able  to 
taste  the  honey.    See  also  No.  590,  III. 

According  to  Dr.  Buchanan  White,  Teucrium  Scorodonia  is 
visited  by  many  nocturnal  Lepidoptera  (773). 
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Tcucriitm  Chamcedrys,  L.,  is  proterandrous ;  the  movements  of 
the  reproductive  organs  are  similar  to,  but  feebler  than,  those  of 
T.  Scorodonia.  The  visitors  are  bees,  and  a  proboscis  7  to  10  mm. 
long  is  requisite  to  reach  the  honey  (609). 

Teucrmm  Botrys,  L.,  is  visited  by  species  of  Anthidium 
(590,  in). 


366.  Ajuga  reptans,  L. — The  tube  is  9  mm.  long,  and  is 
expanded  for  1\  mm.  at  the  base;  the  lower  expanded  part  is 
white,  and  full  of  honey,  which  is  secreted  by  a  thick,  yellow, 
fleshy  gland  below  the  ovary  on  the  side  turned  towards  the  under 
lip.    The  upper  lip  is  absent,  but  the  protruding  anthers  of  each 
flower  are  sheltered  by  the  bract  of  the  flower  above.  When 
the  flower  opens,  the  two  stigmas  diverge  to  their  full  extent 
and  their  papillae  are   already   mature.     Cross-fertilisation  is 
favoured  not  by  dichogamy  but  by  the  position  of  the  organs. 
For  in  young  flowers  the  lower  division  of  the  style,  provided  at 
its  tip  with  stigmatic  papillae,  rests  upon  the  shorter  stamens 
which  lie  close  together,  and  is  protected  by  them  from  contact 
with  the  bee  visitors,  at  least  in  the  case  of  the  smaller  bees  which 
do  not  force  the  stamens  much  apart ;  while  all  the  anthers  turn 
their  pollen-covered  faces  forwards  and  downwards  so  as  to  touch 
all  insect-visitors.    Afterwards  the  inferior  stamens  separate,  the 
style  loses  their  support,  and  its  lower  division,  with  the  stigmatic 
tip  turned  downwards  and  forwards,  projects  between  the  anthers, 
and  is  touched  before  them  by  the  bee. 

In  absence  of  insects,  the  pollen  remains  adhering  to  the 
lower  surface  of  the  anthers  in  large  masses,  which  readily  come 
in  contact  with  the  stigma  and  effect  self-fertilisation. 

Visitors:  A.  Hymenoptera-^Vfo (l)  Apis  mellifica,  L.  Q  (6),  thrusts 
the  greater  part  of  its  head  into  the  tube;  (2)  Bombus  lapidarius,  L.  9 

12-14)  ;  (3)  B.  agrorum,  F.  ?  (12-15)  ;  (4)  B.  confusus,  Schenck,  ?  (12-14V 
(5)  B  muscorum  F.  ?  (13-14)  ;  (6)  B.  pratorum,  L.  ?  (8)  ;  (7)  B.  silvanm^ 

9  I  K  '  1  n      °nT'  r   ?  9  (18~21)  ;  (9)  ^hophorapilipes,  F 

12)  0.  fusca  Christ.  (-bieolor,  Schrk.),  all  sucking  normally  and  dusting 
the.  heads  with  pollen  ;  (13)  Andrena  nitida,  Fourc.  9  (3J)  :  (14)  A.  labiali" 
LI'  (  ?  ?  1  I"™  llS'  ?  (4)  '  these  tllree  are  ™aUe  to  reach  the 
IZZ'  ni  n     !  PkntT  aftCT  ******  a  few  flowers-    B-  Diptera-^,- 

while  sucking  lt  dusts  its  head  with  pollen.   C.  Lepidoptera-(a)  Rhopalocera 

17)  Pieris  brassy,  L.  (15)  ;  (18)  P.  napi,  L.  ;  (19)  P.  rap*,  L.  ;  (20)  Rho- 
de** rhamm,  1,  (15-16)  ;  (21)  Papilio  Podalirius,  L.     (22  Hesperia 
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alveolus,  H  ;  (b)  Sphinges  :  (23)  Macroglossa  fucif'ormis,  L.  (Stromberg),  all 
sucking.    See  also  No.  590,  ni. 

Ajuga  pyram.idalis,  L..  is  said  by  Ricca  to  be  homogamous 
(665) ;  I  bave  found  it  sligbtly  proterandrous,  and  visited  by 
humble-bees  (609). 

Ajuga  genevensis,  L. — The  flowers  are  larger  than  those  of  A. 
pyramidalis,  and  the  nectary  is  very  large.  The  plant  is  visited 
by  humble-bees  and  by  Lepidoptera.  A  proboscis  7  to  8  mm.  long 
is  requisite  to  reach  the  honey  (609). 


REVIEW  OF  THE  LABIATjE. 


Delpino  mentions  the  following  six  points  as  characteristic  of 
the  flower  in  Labiatse  (178). 

(1)  The  hoi'izontal  position  of  the  axis  of  the  flower.  (2) 
Division  of  the  corolla  into  upper  and  lower  lips.  (3)  Union  of 
two  petals  in  the  upper  lip,  three  in  the  lower.  (4)  Position  of 
anthers  and  stigma  below  the  vaulted  upper  lip,  which  shelters 
them.  (5)  Position  of  the  nectary  at  the  base  of  the  flower  below 
the  lower  lip,  whose  anterior  part  forms  a  platform  for  insects. 
(6)  Well-marked  dichogamy  ("  dcciso  asincronismo  nello  sviluppo 
degli  organi  sessuali")  (Delpino,  No.  178,  p.  128;  Hildebrand, 
No.  360). 

But  this  summary  is  only  correct  if  we  call  only  those  Labiates 
typical  to  which  it  directly  applies  ;  it  requires  most  important 
modifications  if  it  is  to  hold  good  for  the  majority  of  Labiates. 
For  (1)  the  axis  of  the  flower  is  never  or  hardly  ever  truly 
horizontal,  but,  as  a  rule,  is  rather  bent  into  the  curve  most 
convenient  for  long-tongued  bees  (Lamium,  Galeobdolon,  Gale- 
opsis,  Betonica,  etc.).  (2)  The  upper  lip  is  entirely  absent  in 
many  cases  (Ajuga,  Teucrium),  bracts  belonging  to  the  flowers 
above  taking  its  place  in  sheltering  the  stamens  from  ram.  (3) 
The  under  lip  is  by  no  means  always  formed  of  three  petals,  but 
in  Lamium,  for  instance,  consists  of  one  only ;  the  two  lateral 
petals  have  here  assumed  a  special  function,  forming  two  erect 
lobes  which  receive  the  bee's  head  between  them.  (4)  The 
stamens  project  beyond  the  corolla  not  only  in  Ajuga  and 
Teucrium  where  the  upper  lip  is  absent,  but  also  m  Thymus, 
Lvcopus,  Mentha,  etc.,  and  the  stigma  also  projects  beyond  the 
corolla  in  Salvia.    (5)  The  fifth  statement  is  correct  for  the  greal 
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majority,  Plectrantbus,  Ocymum,  Salvia  patens,  etc.,  being  ex- 
ceptions to  it.  (6)  Dichogamy  has  been  shown  above  to  be  far 
from  universal :  Ajuga,  Lamium,  Galeopsis,  and  others  are  homo- 
gamous,  and  even  in  the  majority  of  the  others  dichogamy  is 
not  so  complete  as  to  prevent  self-fertilisation.  Self-fertilisation 
seems  to  be  rendered  impossible  only  in  the  species  of  JSTepeta, 
Thymus,  Mentha,  and  Salvia  described  above. 

In  regard  to  the  insects  which  the  Labiatse  have  adapted 
themselves  to,  the  forms  which  I  have  described  show  a  re- 
markable series  of  gradations,  the  visitors  being  more  and  more 
restricted  as  the  length  of  the  corolla-tube  increases. 

The  short-tubed  flowers  of  Mentha  and  Lycopus  are  visited 
chiefly  by  flies  and  also  by  insects  of  various  other  orders.  In 
Thymus  and  Origanum,  in  addition  to  flies,  bees  come  more  and 
more  to  the  front,  though  insects  of  other  orders  take  a  certain  share  ; 
in  Betonica  bees  and  flies  are  of  about  equal  importance  as  fer- 
tilisers ;  in  Stachys  palustris  and  S.  silvatica  bees  are  very  much 
the  most  important  visitors,  and  in  Lavendula,  Salvia,  Galeobdolon, 
Lamium,  Galeopsis,  Ballota,  Teucrium,  and  Ajuga  bees  perform 
almost  all  the  work  of  fertilisation,  though  Lepidoptera  and 
long-tongued  flies  are  not  excluded. 

Ord.  PLANTAOINEjE. 

367.  Plantago  lanceolata,  L.— Delpino  (567)  distinguishes 
three  forms  of  this  species  : — 

"  One  form,"  he  says,  "  with  a  strong  and  very  tall  scape,  and  very  broad, 
white  anthers  which  quiver  in  the  wind,  grows  in  meadows  and  is  exclusively 
aneinophilous,  for  I  have  never  seen  it  visited  by  insects.  The  second  form 
grows  on  the  hills,  and  has  a  much  shorter  scape  ;  it  also  is  essentially  anemo- 
philous  ;  I  once  saw  a  species  of  Halictus  on  a  spike,  trying  to  gather  pollen  ; 
but  the  structure  of  the  flower  is  so  unfitted  for  pollen-collecting,  that  great 
part  of  the  pollen  fell  to  the  ground  without  benefiting  either  the  plant  "or  the 
insect.  Finally,  the  third  form  is  dwarfish  and  confined  to  the  mountains  ; 
it  has  the  shortest  spikes  and  filaments  ;  on  meadows  in  the  Apennines  at 
Ohiavari  I  have  seen  bees  in  numbers  flying  from  one  flower  to  another  of  this 
variety,  collecting  the  pollen  and  performing  cross-fertilisation. 

"  This  therefore  is  a  form  of  Plantago  which  hangs  between  the  anemo- 
philousand  entomophilous  conditions,  and  is  capable  of  being  fertilised  equally 
well  by  the  wind  and  by  bees.  If  the  filaments  became  stiff  and  coloured  and 
the  pollen-grams  adhesive  while  the  anthers  lost  their  peculiar  quivering 
we  should  have  before  us  the  passage  from  anemophilous  to  entomophilous 
characters,  the  evolution  of  an  entomophilous  from  an  anemophilous  species 

"  This  hypothetical  transition  has'  actually  occurred.    Plantago  media  is  a 
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form  that  has  become  entomophilous  ;  the  filaments  have  become  pink,  the 
anthers  are  motionless,  the  pollen-grains  have  become  more  aggregated,  and  it 
is  visited  regularly  by  Bombus  terrestris,  as  I  have  observed  at  the  same  spot 
(Chiavari)  in  the  Apennines." 

I  have  transcribed  this  passage  in  order  to  induce  botanists  in 
as  many  places  as  possible  to  observe  the  forms  of  this  species 
with  reference  to  its  adaption  for  insect-visits. 

In  the  neighbourhood  of  Lippstadt  I  have  caught  pollen- 
oollecting  bees  and  pollen-feeding  flies  both  on  plants  with  tall 


Fio.  170. — Plantago.  lanceolala,  L. 

1.  — Flower,  in  first  (female)  stage.    The  petals  and  stamens  are  still  within  the  bud. 

2.  — .Oitto,  after  removal  of  the  calyx. 

3.  — An  anther  from  this  flower. 

4.  —Flower,  in  second  (male)  stage. 

5.  — The  two  inferior  coherent  sepals. 

6.  — A  lateral  sepal. 

scapes  and  long  spikes  and  on  those  with  short  scapes  and  spikes ; 
and  in  neither  form  have  I  found  the  least  trace  of  adaptation  to 
insect-visits.  Delpino's  account  is  not  minute  enough  to  permit 
a  correlation  of  his  plants  with  those  of  other  localities,  and  it  is 
quite  possible  that  the  varieties  which  he  has  observed  do  not 
occur  at  Lippstadt. 

It  is  just  possible  that  Delpino  has  been  led  into  imagining 
adaptations  which  have  no  real  existence  by  the  success  which  the 
honey-bee  attains  in  gathering  pollen,  chiefly  owing  to  its  plan  of 
smearing  the  pollen  with  honey.    The  two  extreme  forms  of  P. 
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lanceolata  which  I  have  gathered  at  Lippstadt,  and  on  which  as 
well  as  on  the  intermediate  forms  I  have  observed  pollen-collecting 
insects,  are :  (1)  a  short  form  with  short  spike  from  the  sunny 
calcareous  slopes  of  the  Rixbecker  Hill ;  (2)  a  tall,  long-spiked 
form  from  the  rich  alluvial  meadows  of  the  Lippe. 

(1)  In  the  most  stunted  specimens  from  the  hill  the  scape 
is  scarcely  four  inches  long,  the  spike  is  spherical,  about  5  mm.  in 
diameter,  and  the  individual  flowers  are  convex  anteriorly,  and 
flat  or  slightly  concave  on  the  side  turned  towards  the  axis  ;  of  the 
four  sepals  the  two  inferior  are  coherent  almost  to  the  tips  (Fig. 
170,  5).  While  the  lobes  of  the  corolla  are  still  erect,  contiguous 
(Fig.  170,  2),  and  covered  by  the  sepals  (1),  and  while  the  stamens  are 
still  inclosed  in  the  bud,  with  their  anthers  not  nearly  ripe  and  their 
filaments  scarcely  beginning  to  develop  (3),  already  the  stigma  is 
fully  mature,  and  protrudes  for  more  than  1  mm.  beyond  the  bud 
(Fig.  170,  1,  2).  As  the  stigma  becomes  withered  and  brown, 
the  filaments  begin  to  grow  rapidly,  and  the  other  parts  of  the 
flower  more  slowly.  At  length  the  lobes  of  the  corolla  fold  back, 
and  the  stamens  with  the  now  ripe  anthers  protrude  5  to  6  mm. 
from  the  flower,  which  is  itself  now  3  (in  the  female  period  only  2) 
mm.  long  (Fig.  170,  4).  The  filaments  are  quite  straight,  but  thin 
and  flexible  enough  to  be  swayed  backwards  and  forwards  by  the 
slightest  breeze,  scattering  a  cloud  of  dry  pollen.  Nevertheless, 
this  pollen  is  collected  by  the  honey-bee.  The  pollen-grains  are 
smooth,  -016  to  -020  mm.  in  diameter  when  dry,  and  swelling  to 
a  diameter  of  -021  to  -026  mm.  when  moistened. 

(2)  The  tall  form  from  the  manured  alluvial  meadows  has 
a  scape  a  foot  to  eighteen  inches  long,  a  spike  15  to  30  mm.  long, 
and  stamens  projecting  6  to  7  mm.  from  the  flower.  In  the  com- 
plete proterogynous  dichogamy,  in  the  cohesion  of  the  two  lower 
sepals,  in  short  in  all  other  characters,  it  agrees  perfectly  with  the 
dwarf  form  from  the  Eixbecker  Hill.  I  have  observed  pollen- 
seeking  insects  indifferently  on  both  extreme  and  intermediate 
forms. 

A.  Hymenoptera  Apidas .-  (1)  Apis  mellifica,  L.  9,  veryab,c.p.  I  wrote 
the  following ;  account  of  the  honey-bee's  actions  in  the  summer  of  1868  and 
assured  myself  of  its  accuracy  in  the  three  following  summers  :  "The  honey- 

2: bT7  A-  SP^'  While  tt  Wrs  in  the  air  **  a  Hie  honey 
on  the  ex  erted  anthers.  Then,  still  hovering  and  buzzing,  it  brushes  pollen  with 

uddeTv  h-rhe8  °f  T  hM  °ff  ^  anther'  the  t0-  of  its  hum  becoming 
suddenly  higher  ;  m  the  same  instant  one  sees  a  cloud  of  pollen  rise  from  the 
shaken  anthers.  After  placing  the  pollen  on  its  hindlegs  the  bee  repeats  l  e 
operation  on  the  same  or  other  spikes,  or  if  it  is  tired  ft  alights  on  the  sp  k 
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and  creeps  upwards.  Since  the  scattered  pollen  in  part  reaches  the  stigmas  of 
the  same  or  neighbouring  plants,  we  have  here  anemophilous  flowers  fertilised 
also  by  insects."  (2)  Bombus  pratorum,  L.  § ,  c.p.  ;  (3)  Small  sp.  of  Halictus,  busy 
about  the  anthers.  B.  Diptera— Syrphidce :  (4)  Melanostoma  mellina,  L.,  very 
ab.,  f.p.  ;  (5)  Syrphus  ribesii,  L.,  f.p.,  freq.  ;  (6)  Volucella  pellucens,  L.,  f.p. 
Whenever  I  have  examined  bees  caught  on  P.  lanceolate  I  have  always  found 
numerous  pollen-grains  among  the  feathered  hairs.    See  also  No.  590,  in. 

Darwin  found  P.  lanceolata  to  be  gynodicecious  in  England 
(167). 

Plantago  alpina,  L. — The  stigma  does  not  wither  until  after 
the  ripening  of  the  anthers,  so  that  the  plant  retains  the  power 
of  self- fertilisation.  The  limb  of  the  corolla,  and  sometimes  the 
borders  of  the  sepals,  are  red,  which  is  perhaps  an  adaptation 
favouring  insect-visits.  The  tendency  towards  homogamy  is 
probably  also  brought  about  by  insect-visits,  as  the  insects  come 
only  for  the  sake  of  pollen,  and  therefore  seek  only  flowers  with 
ripe  anthers  (No.  609,  fig.  139). 

368.  Plantago  media,  L. — While  I  have  been  unable  to  find 
any  trace  of  adaptation  to  insect-visits  in  the  various  forms  of 
P.  lanceolata,  specimens  of  P.  media  which  I  have  examined  seem 
to  show  such  traces  in  the  reddish  colouring  of  the  filaments  and 
the  pleasant  perfume  of  the  plant.  Nevertheless,  in  all  the  forms 
of  this  species  the  filaments  are  so  long,  thin,  and  freely  motile, 
the  anthers  so  broad,  and  the  pollen-grains  so  smooth  and  dry, 
that  wind-fertilisation  can  be  effected  very  readily.  P.  media, 
therefore,  is  truly  intermediate  between  the  anemophilous  and 
entomophilous  conditions. 

In  the  neighbourhood  of  Lippstadt  P.  media  exhibits  variability 
such  as  Delpino  describes  in  the  case  of  P.  lanceolata.  It  seems 
remarkable  that  the  form  A,  which  I  have  observed  on  dry  sunny 
road-sides,  is  adapted  in  a  less  degree  for  insect-visits  than  the 
form  B,  which  grows  in  more  shady  spots ;  but  I  must  add  that 
a  form  agreeing  essentially  with  B,  but  much  taller,  grows  on  the 
sunny  slopes  of  the  canal-enbankment  at  Lippstadt,  and  is  much 
visited  by  insects  there. 

The  form  A  has  a  scape  8  to  12  inches  in  length,  and  a  spike 
about  40  mm.  long,  increasing  during  the  flowering  period  to 
70  or  80  mm.  The  filaments,  which  are  bent  down  slightly  by  the 
weight  of  the  anthers,  are  white,  and  protrude  for  7  to  9  mm.  from 
the°flower ;  the  lobes  of  the  corolla  are  acute  and  outspread ;  the 
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stigmas  protrude  fax  beyond  the  flower.  The  form  B  on  the  other 
hand  has  a  scape  about  6  inches  long,  and  shorter  reddish  filaments 
which  do  not  bend  under  the  weight  of  the  anthers ;  the  lobes  of 
the  corolla  are  rounded,  and  do  not  spread  apart  but  only  point 
obliquely  upwards,  and  the  stigmas  protrude  little  from  the  flower. 
The  pollen  in  both  forms  is  powdery,  but  is  slightly  more  adhesive 
in  the  second  form  (£),  as  may  be  seen  by  the  filaments  in  this 
form  being  usually  covered  thickly  with  pollen-grains. 


Fid.  171.— Plantago  media,  L. 

i' h^'7^l2T  Sf  Pumedia  from  dry  sunny  slopes  on  Rixbecker  Hill,  near  Lippstadt. 
1,  bud   2,  developing  flower  j  3,  fully  developed  flower ;  4,  corolla  •  5,  pistil 
»,  sepal ;  pt  petal ;  a,  anther ;  st,  stigma.  , 

a  few  y^cslrf  tte  otter"™  °f  "  SP°tS  0"  the  same  hiU'  ofton  wit',in 

6,  fully  developed  flower  ;  7,  corolla  ;  8,  pistil. 


The  form  growing  on  the  slopes  of  the  canal-embankment, 
from  which  I  have  chiefly  compiled  my  list  of  insect-visitors,  has 
a  scape  10  to  14  inches  long,  a  spike  35  to  90  mm.  long,  and 
stamens  which  project  only  4-5  to  7mm.  beyond  the  flower;  in  the 
form  and  development  of  the  corolla  and  style  and  in  the  nature 
of  the  pollen  it  agrees  well  with  the  form  B  from  the  Eixbecker 
Hill. 
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All  the  specimens  of  P.  media  that  I  have  examined  were  less 
markedly  proterogynous  than  P.  lanceolata,  for  the  stigmas  are 
always  still  fresh  after  the  anthers  have  shed  their  pollen ;  but 
various  forms  of  P.  media  differ  greatly  in  this  respect,  as  may  he 
seen  by  comparing  3  and  4,  Fig.  171. 

The  foregoing  remarks  are  simply  intended  to  call  the  attention 
of  botanists  to  forms  of  P.  media  intermediate  between  the 
anemophilous  and  entomophilous  conditions,  and  so  to  lead  to  more 
thorough  investigation ;  I  do  not  by  any  means  suppose  that  they 
exhaust  the  subject. 

Visitors:  A.  Hymenoptera— Apidaf:  (1)  Bombus  terrestris,  L.  c.p., 
ab.  ;  (2)  Eucera  longicornis,  L.  seeking  vainly  for  honey  (attracted  by  the 
scent  1)  ;  (3)  Halictus  albipes,  F.  ?  ;  (4)  H.  cylindricus,  F.  $ ,  both  freq.  ; 
(5)  Andrena,  ?  (moderate  size),  do.  ;  (6)  Megachile  circumcincta,  K.  $ . 
B.  Diptera—  (a)  Syrphidce :  (7)  Melanostoma  mellina,  L.,  I  once  saw  this  fly 
hovering  for  a  long  time  over  many  flowers,  until  it  came  to  P.  media,  on 
which  it  settled  at  once,  and  began  to  stroke  the  anthers  with  its  labellfe  (f.p.)  ; 
(8)  Ascia  podagrica,  F.,  f.p. ;  (9)  Syrphus  balteatus,  Deg.,  f.p.;  (10)  Eristalis 
arbustorum,  L.,  very  ab.,  f.p.  ;  (11)  Rhingia  rostrata,  L.,  f.p.  ;  (b)  Muscidce: 
(12)  Spilogaster  semicinerea,  Wied.,  very  ab.,  f.p.;  (c)  Stratiomyidce :'  (13) 
Chrysomyia  formosa,  Scop.  C.  Coleoptera — (a)  Nitidulidce :  (14)  Meligethes, 
freq.  ;  (b)  Malacodermata :  (15)  Anthocomus  fasciatus,  L.  ;  (16)  Malachius 
seneus,  L.,  both  freq.,  gnawing  the  anthers ;  (c)  Cerambycidce  :  (17)  Strangalia 
nigra,  L.,  do.    See  also  No.  590,  in.,  and  No.  609. 

Ludwig  has  found  P.  media  to  be  gynodicecious  in  Germany. 
Some  species  of  Plantago  have  cleistogamic  flowers  according 
to  Kuhn  (399). 

Ludwig  has  discussed  in  several  papers  the  occurrence  of 
cleistogamy,  gynodioecism,  and  heteranthery  {i.e.  the  existence  of 
different  forms  bearing  anthers  of  different  lengths)  (425,  429, 
430,  430- 

Obd.  NYCTAGINEM. 

Pisonia  hirtella  is  proterogynous,  according  to  Delpino.  The 
stigmas  in  the  first  stage,  and  the  anthers  in  the  second,  protrude 
some  millimetres  beyond  the  tubular  corolla  (1 77). 

OxybapJms  and  Nyctaginea  have  cleistogamic  flowers  (Asa  Gray, 
No.  167). 

Neca  theifera,  Oer. — The  diclinous  flowers  have  been  described 
by  Warming  (762)  and  Oersted.1 

Mirabilis  Jalapa,  L.,  is  eagerly  visited  by  Sphinx  convolndi 
(590,  11.). 

1  Bot.  Zett.  xxvii.  pp.  217-222,  1869. 
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Ord.  ILLECEBRACEjE. 

Illecebmm  verticillahcm,  L.,  has  submerged  cleistogamic 
flowers  (351). 

Herniaria  glabra,  L. — The  flowers  are  very  inconspicuous,  and 
are  visited  by  minute  insects  (590,  II.). 

Scleranthus  perennis,  L. — The  small  inconspicuous  flowers  have 
no  petals ;  the  sepals,  which  are  white  at  the  edges,  take  the  place 
of  a  corolla ;  the  honey,  which  is  secreted  in  the  lower  half  of 
the  calyx,  is  accessible  to  short-lipped  insects.  Anthers  and 
stigmas  ripen  together,  and  the  widely  outspread  position  of  the 
stamens  favours  cross-fertilisation.  I  have  found  Hedychrum 
coriaceum,  Dhlb.  (Chrysidw),  sucking  honey  in  the  flowers. 


Ord.  AMARANTAGEM. 

Chamissoa  affords  an  example  of  the  passage  from  a  dimorphic 
to  a  diclinous  condition  (555). 

Ord.  CHENOPODIAGEJE. 

Chenopodium  ambrosioides  is  figured  by  Hildebrand  as  an 
example  of  a  self-fertilised  plant  (351). 

Chenopodium  album,  L.,  is  anemophilous,  but  is  visited  by 
pollen-eating  Syrphidse  (Melanostoma  mellina,  L.)  (590,  II.). 

Chenopodium  bonus-Henricus  is  proterogynous  according  to 
Warming  (762). 

Ord.  POLYGONACEjE. 

<  369.  Polygonum  fagopyrum,  L.— The  flowers  are  made  con- 
spicuous by  their  white  or  red  perianth,  by  aggregation,  and  by 
their  perfume.  Eight  rounded  yellow  glands  at  the  base  of  the 
stamens  secrete  honey,  which  lies  at  the  bottom  of  the  shallow 
outspread  perianth;  it  is  accessible  to  short-lipped  insects,  and 
attracts  great  numbers  of  insects  of  different  orders. 

Three  stamens,  with  their  pollen-covered  sides  turned  outwards 
stand  close  round  the  styles  in  the  middle  of  the  flower;  five  with 
their  pollen-covered  sides  directed  inwards,  stand  round  the  cir- 
cumference. The  eight  nectaries  lie  at  the  bottom  of  the  flower 
between  the  inner  and  outer  stamens,  so  that  insects  must  come 
between  these  to  reach  the  honey,  and  hence  get  dusted  with 


510  THE  FERTILISATION  OF  FLOWEKS.       [PABT  ni. 

pollen  on  both  sides.  This  species  is  dimorphic,  and  in  this  respect 
it  stands  alone  in  its  genus.  The  anthers  stand  in  the  one  form 
on  a  level  with  the  stigmas  in  the  other,  and  there  is  the  usual 
difference  in  the  size  of  the  pollen-grains.  In  long-styled  flowers 
(Fig.  172, 1),  most  visitors  touch  the  anthers  with  their  heads,  and 
the  stigmas  with  the  sides  or  ventral  surfaces  of  thorax  and  abdo- 
men. The  converse  takes  place  in  the  short-styled  forms,  so  that 
legitimate  fertilisation  for  the  most  part  takes  place,  though  neither 
illegitimate  crossing  nor  fertilisation  of  a  flower  with  its  own  pollen 
are  quite  prevented. 

The  smaller  visitors,  e.g.  Andrena  nana,  which  creep  about 
irregularly  in  the  flower,  may  lead  to  self-fertilisation  and  legiti- 
mate or  illegitimate  crossing  indifferently. 


Fig.  172. — Polygonum  fagopyrum,  L. 
1.— Lcmg-styled,  2.— Short-styled  flower,  after  removal  of  two  segments  of  the  perianth. 

Occasionally  flowers  occur  on  long-styled  plants,  in  which  the 
style  is  so  much  shorter  than  usual  that  the  stigmas  lie  between 
the  three  inner  stamens  and  get  dusted  by  their  pollen. 

Self-fertilisation  is  probably  inoperative  under  ordinary  circum- 
stances in  the  Buckwheat,  but  under  altered  conditions,  if  insect- 
visits  decreased,  it  might  easily  come  into  play  (cf.  Darwin,  167, 
p.  113). 

The  following  insects  were  almost  all  collected  by  me  on 
Buckwheat,  one  sunny  day,  in  a  large  field  near  Salzkotten  (June 
21,  1868). 

A.  Hymenoptera—  (a)  Apidce :  (1)  Apis  mellifica,  L.  $ ,  very  ab.,  s.  and 
c.p.,  making  fully  nine-tenths  of  all  the  visitors  ;  (2)  Bombus  lapidarius,  L. 
$  s.  ;  (3)  Andrena  fulvicrus,  K.  $  ?,  ab.,  s.  and  c.p.  ;  (4)  A.  dorsata.  K. 
$  ;  (5)  A.  pilipes,  F.  ?  ;  (6)  A.  helvola,  L.  ?  ;  (7)  A.  varians,  Rossi,  9  ;  (8) 
A.'albicrus,  K.  $;  (9)  A.  Gwynana,  K.  ?;  (10)  A.  nana,  K.  $;  (11)  A. 
bicolor,  F.  (asstiva,  Sm.),  $  ;  (12)  Sphecodes  gibbus,  L.,  Nos.  4-12,  sucking 
only  (b)  Sphegidm:  (13)  Pompihis trivialis,  Kl.  ;  (14)  Cercens labiata,  F.  y  ; 
(15)  C  nasuta,  Dlb.  (C.  qninquefasciata,  Ross.),  <?,  »U  *•  !  (c)  Tenth red»ud<r 
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(16)  Athalia  spin  arum,  F.,  s.  B.  Diptera—  (a)  Syrp  hidce :  (17)  Eristalis  tenax, 
L.  ;  (18)  E.  pertinax,  Scop.  ;  (19)  E.  nemorum,  L.  ;  (20)  E.  arbustorum,  L.  ; 
(21)  E.  sepulcralis,  L.  ;  (22)  E.  mtricarius,  L.  ;  all  ab.,  s.  or  f.p.  ;  (23)  Helo- 
philns  floreus,  L.  ;  (24)  Syritta  pipiens,  L.  ;  (25)  Chrysotoxum  festivum,  L.  ; 
(26)  Melithreptus  scriptus,  L.  ;  (27)  M.  taeniatus,  Mgn.  ;  (28)  Syrpbus  py- 
rastri,  L.  ;  (29)  Pipiza  funebris,  Mgn.  ;  (30)  Cheilosia  scutellata,  Fallen  ;  (b) 
Muscidce :  (31)  PoUenia  Vespillo,  F.  ;  (32)  Musca  corvina,  F.  ;  (33)  Lucilia 
cornicina,  F.  ;  (34)  Sarcopbaga  carnaria,  L.  ;  (c)  Stratiomyidce  :  (35)  Oclon- 
tomia  viridula,  F.  ;  (36)  Strati omys  Cbamajleon,  Deg.,  ab.  ;  (37)  Str.  riparia, 
Mgn.  ;  niost  of  tbese  flies  sucking,  tbe  Syrpbidse  also  eating  pollen.  C.  Lepido- 
ptera — (38)  Vanessa  urticas,  L.  ;  (39)  Pieris  brassicte,  L.  ;  (40)  P.  napi,  L.  ; 
(41)  Polyommatus  Phlceas,  L.,  all  s. 

370.  Polygonum  Bistorta,  L. — As  in  P.  fagopyrum,  the 
flowers  are  made  conspicuous  by  aggregation  and  by  their  coloured 


perianth;  eight  red  swellings  at  the  base  of  the  stamens  secrete 
honey,  which  lies  freely  open  at  the  bottom  of  the  flower.  The 
power  of  self-fertilisation  has  been  lost;  but  while  in  P.  fagopyrum 
crossing  has  been  insured  by  the  development  of  long-styled'  and 
short-styled  stocks,  in  P.  Bistorta  the  same  end  has  been  gained  by 
complete  proterandrous  dichogamy.  In  the  first  stage,  the  anthers 
protrude  freely  from  the  flower,  which  never  expands  very  widely  ; 
afterwards,  when  the  anthers  are  withered  and  mostly  fallen  off,' 
the  ends  of  the  styles  with  their  stigmas  protrude. 

On  the  meadows  at  Brilon,  I  saw  the  flowers  plentifully  visited 
by  flies,  but  I  was  busy  with  other  observations  and  can  name 
only  the  following  easily  recognised  forms :  Bhingia  rostrata,  L., 


Fig.  173. — Polygonum  Bistorta,  L. 

1.  — Flower,  in  first  (male)  stage. 

2.  — Ditto,  in  second  (female)  stage. 
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Volucella  bombylans,  L.,  and  Syrphus  ribesii,  L.  All  three  settled 
upon  the  spikes,  thrusting  their  tongues  into  one  flower  after 
another,  and  so  dusting  their  ventral  surfaces  with  pollen. 

In  my  garden  I  have  often  seen  Sarcophaga  camaria  trying  to 
insert  its  proboscis  into  the  flowers,  and  generally  failing  in  the 
attempt.  Syritta  pipiens,  L.,  always  failed  in  the  same  attempt ; 
if  the  flower  happened  to  he  in  the  second  stage,  it  flew  away 
after  a  few  failures,  but  stayed  to  eat  pollen  if  the  flower  was  in  its 
first  or  male  stage. 

o 

I  have  often  seen  Andrena  albicans,  L.  ?,  climbing  up  the 
spikes.  Now  and  then  I  have  watched  an  individual  first  failing 
continually  on  several  spikes  to  insert  its  proboscis  into  the  flowers, 
and  then  gradually  acquiring  the  knack,  and  ending  by  performing 
the  operation  regularly. 

The  honey-bee  visits  the  plant  in  considerable  numbers,  and 
never  fails  to  insert  its  proboscis  successfully. 

Visitors  in  Low  Germany  :  A.  Hymenoptera— Apidce  :  (1)  Apis  raellifica, 
L.  $  ;  (2)  Andrena  albicans,  L.  $ .  B.  Diptera—  (a)  Syrphidce  :  (3)  Volucella 
bombylans,  L.  ;  (4)  Syrpbus  ribesii,  L.  ;  (5)  Syritta  pipiens,  L.  ;  (6)  Ebingia 
rostrata,  L.  ;  (b)  Muscidw :  (7)  Sarcopbaga  camaria,  L.  See  also  No.  590,  n. 
A  list  of  Alpine  visitors  (one  beetle,  ten  flies,  five  Hymenoptera,  twenty-one 
Lepidoptera,  and  Panorpa  communis)  is  given  in  No.  609. 

Polygonum  viviparum,  L.,  is  remarkable  for  the  polymorphism 
of  its  flowers.  In  Sweden,  Axell  found  it  occurring  in  two  forms, 
some  plants  being  hermaphrodite  and  proterandrous,  others  female 
only  (17).  I  have  also  found  hermaphrodite  and  female  forms  at 
Franzenshoh,  but  the  former  were  homogamous.  At  Madulein  I 
found  hermaphrodite  stocks  showing  all  stages  of  suppression  of 
the  pistil  down  to  purely  male  flowers  and  plants  (609,  fig.  169). 

371.  Polygonum  Persicama,  L. — Like  the  two  foregoing 
species,  the  flowers  have  white  or  red  perianths;  they  are 
aggregated  in  a  spike  20  to  30  mm.  long  and  6  to  10  mm.  broad. 
The  smaller  size  of  the  flower  and  of  the  spike,  the  want  of 
odour  and  much  smaller  supply  of  honey,  render  insect-visits  very 
much  rarer.  It  is,  therefore,  of  more  importance  for  self-fertilis- 
ation to  be  possible  in  default  of  insect-visits,  than  for  cross- 
fertilisation  to  be  absolutely  insured  when  insect-visits  do  take 
place.  Accordingly,  the  structure  of  the  flower  differs  considerably 
from  that  of  the  two  preceding  species. 

Of  the  eight  stamens  three  at  most  are  much  reduced  or  have 
entirely  disappeared,  though  flowers  often  occur  with  six,  seven,  or 
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eight  stamens.    The  five  which  are  constantly  present  alternate 
with  the  parts  of  the  perianth  ;  the  other  three  stand  opposite  to 
the  parts  of  the  perianth.    At  the  base  of  each  perianth-segment 
is  a  nectary,  secreting  very  scanty  honey,  which  remains  in  a 
moist  adhesive  layer.    The  ovary  is  generally  bilateral,  bearing 
a  style  which  divides  into  two  branches,  each  bearing  a  stigmatic 
knob ;  but  three  stigmatic  branches  often  occur.     Anthers  and 
stigmas  ripen  together  and  stand  at  the  same  level.    The  flower 
expands  until  the  perianth  forms  an  almost  hemispherical  cup, 
and  the  five   stamens  alternating  with  the  perianth-segments 
spread  out  as  far  as  the  perianth  allows.    The  stigmas  are,  there- 
fore, seldom  or  never  touched  by  these  stamens,  but  the  other 
three  stamens,  when  present,  bend  towards  the  middle  of  the 
flower  and  come  in  contact  with  the  stigmas.  Now  although,  as  in 


Fig.  174. — Polygonum  Persicaria,  L. 

1.  -Flower  with  five  stamens. 

2.  — Pistil. 

3.  — Flower  with  seven  stamens. 

a,  five  outer  anthers;,  a'  inner  anthers;  a",  rudimentary  filament; 
v,  ovary;  st,  stigma;  n,  nectary.  1  ' 


P.fagopyrum,  the  five  outer  anthers  shed  their  pollen  inwards  and 
the  three  others  outwards,  self-fertilisation  takes  place  regularly 
in  all  flowers  with  more  than  five  stamens,  since  the  anthers 
dehisce  so  widely  as  to  be  covered  with  pollen  all  round.  Whether 
flowers  wxth  only  five  stamens  fertilise  themselves  in  absence  of 
insects  I  cannot  say  from  direct  observation  ;  but  they  probably 
do  so,  as  almost  all  the  flowers  of  P.  Persicaria  develop  seed  in 
spite  of  the  scanty  insect-visits.     The  flowers,  as  I  have  often 
seen  remain  expanded  even  in  rain,  and  self-fertilisation  in  flowers 
with  five  stamens  can  only  take  place  at  the  end  of  the  flowering 
period,  when  the  perianth  closes  up  and  brings  stigmas  and 
stamens  into  contact.  6 

The  small  size  of  the  flower  causes  every  insect  that  inserts 
s  head  to  touch  one  or  two  stamens  and  a  stigma.    If  the  insect 
trusts  its  proboscis  once  into  each  flower,  cross-fertilisation  must 
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generally  be  effected,  but  if  it  does  so  more  than  once  self-fertilisa- 
tion is  just  as  likely  to  take  place. 

A.  Diptera — Syrphidce :  (1)  Eristalis  tenax,  L.,  freq.  ;  (2)  E.  sepulcralis, 
L.,  comparatively  ab.  ;  (3)  E.  arbustorum,  L.  ;  (4)  Syritta  pipiens,  L.,  the 
most  all.  visitor;  (5)  Ascia  podagrica,  F.,  almost  as  ab.  ;  (6)  Melithreptus 
Ecriptus,  L. ;  (7)  M.  tamiatus,  Mgn.  ;  all  s.,  the  species  of  Eristalis  and  Meli- 
threptus also  eating  pollen.  B.  Hyrnenoptera — Apidcs  :  (8)  Andrena  dorsata, 
K.  $  ;  (9)  Halictus  albipes,  F.  $  ;  (10)  Prosopis  armillata,  Nyl.  all  three 
scarce,  s.  C.  Lepidoptera — (11)  Pieris  rapre,  L.,  one  specimen  inserted  its 
proboscis  but  flew  away  again  at  once. 

372.  Polygonum  lapathifolium,  L.,  has  usually  five  stamens, 
of  which  one  or  more  are  generally  bent  inwards  and  come  in 
contact  with  the  stigmas. 

Visitors:  Diptera—  Syrphidie :  (1)  Eristalis  sepulcralis,  L.,  s.  ;  (2)  Syritta 
pipiens,  L.,  s.  ;  (3)  Ascia  podagrica,  F.,  s. 

373.  Polygonum  minus,  Huds. — The  flowers  of  this  species 
are  about  as  large  as  those  of  P.  Persicaria,  but  form  much  looser 
spikes,  and  are  therefore  less  conspicuous  and  less  visited  by 
insects. 


✓  2. 
Fig.  175. — Polygonum  minus,  Huds. 

1  Flower,  viewed  obliquely  from  above.  . 

2'. -Ditto,  in  side  view,  after  removal  of  the  two  anterior  segments  of  the  perianth. 

On  a  patch  of  P.  minus  and  P.  Persicaria  in  hot  sunshine 
(August  16, 1871)  I  saw  six  different  species  of  flies  and  two  of  bees 
visitP  Persicaria,  while  only  two  species  of  flies  visited  P.  minus 

As  the  prospect  of  insect-visits  is  smaller,  those  stamens  which 
stand  opposite  to  the  perianth  segments  and  which  curve  inwards 
persist  more  frequently ;  so  that  flowers  with  only  five  stamens 
are  rarer  in  P.  minus  than  in  R  Persicaria,  and  the  flowers  have 
generally  six  to  eight  stamens  around  a  trifid  style.  Otherwise 
the  flowers  agree  with  those  of  P.  Persicaria. 

Diptera- Syrphidc :  (1)  Ascia  podagrica,  F,  s.  ;  (2)  Syritta  pipiens, 
t^T^llr^s^,  Mg*,  and  (4)  M.  menthasta,      s.  andf.p. 
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374.  Polygonum  aviculare,  L.— The  tiny  flowers,  scarcely 
21  mm.  in  diameter,  are  solitary,  and  therefore  very  inconspicuous ; 
they  are  odourless  and  show  no  honey,  and  are  very  rarely  visited 
by  insects.  They  always  fertilise  themselves,  and  every  flower 
produces  seed. 

The  number  and  arrangement  of  the  floral  organs  is  as  in  P. 
faffopynim.  The  five  segments  of  the  perianth,  which  have  the 
function  of  a  corolla  in  P.fagopyrum,  serve  chiefly  as  a  calyx  {i.e. 
a  protective  covering  for  the  reproductive  organs)  in  P.  aviculare  ; 
their  lower  parts  are  green,  and  only  their  extremities,  which  are 
white  or  red,  play  the  part  of  a  corolla  in  rendering  the  flower 
conspicuous.  The  five  stamens  alternating  with  the  parts  of.  the 
perianth,  which  bend  outwards,  and  the  other  three  which  curve  in 
to  the  centre  till  their  anthers  stand  immediately  over  the  three 


Flo.  176.—  Polygonum  aviculare,  L. 

1.—  Flower,  from  above. 

stamen""'  *  "**  rem0Yal  of  the  two  «"**!«*  parts  of  the  perianth  and  of  half  the 

a,  the  five  outer,  a',  the  three  inner  anthers  ;  ov,  ovary ;  st,  stigma. 


sugmas,  have  fleshy  thickenings  at  their  bases;  but  I  have  never 
succeeded  ,n  finding  drops  of  honey.  If  the  flower  really  secretes 
no  honey  ,t  can  only  have  attractions  for  polleu-eatiug  flies  aTd 

*r . in  „«?  «r {r°m the 

ation o  f  Te  /  ?d  fema'e  °'^ns>  and  from  sita- 

n  ,s  t  eaa  to  ^  f  ,Tt  St«maS-  «  --ct-visitor 

M  often  , bm  ■aS  eaSi'yaS  t0  cross-fertilisation.  I 
had  often  watched  this  plant  m  vain,  but  at  length  on  a  verv  b„t 
sunny  day  ,n  August,  1871,  I  saw  several  inseefs  visit  it ^ 
kZ  TtST^  °fTthreera11  ^ida,  viz.  Ascia  PoZ 

into  the  base'of  h  iwer'a  if\„  IUSting  ib  Pr°b°SCis 

^Her  sucking  in  vain,  X^^Z^ 
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REVIEW  OF  THE  SPECIES  OF  POLYGONUM. 

The  species  of  Polygonum,  like  those  of  Geranium,  show  clearly 
how  with  conspicuousness  and  abundance  of  honey  the  number 
and  variety  of  visitors  increase,  and  how,  as  the  likelihood  of  cross- 
fertilisation  is  thus  increased,  the  possibility  of  self-fertilisation 
becomes  less  important ;  the  converse  is  also  clear.  But  they 
show  at  the  same  time  that  the  abundance  of  a  plant  is  in  no 
way  determined  alone  by  the  certainty  of  cross-fertilisation. 

P.  fagopyrum  and  P.  Bistorta  have  the  most  conspicuous 
flowers,  the  most  abundant  honey,  and  the  most  numerous  visitors ; 
in  both,  cross-fertilisation  is  insured  and  self- fertilisation  rendered 
difficult  or  impossible, — in  the  former  species  by  dimorphism,  in 
the  latter  by  well-marked  proterandrous  dichogamy.  P.  Persicaria 
and  P.  lapathifolium  have  much  smaller  flowers  and  scantier 
honey  ;  but,  by  union  of  their  flowers  in  a  spike,  they  become  fairly 
conspicuous  and  attract  fairly  numerous  visitors ;  both  waver 
between  insuring  cross-fertilisation  and  insuring  self-fertilisation, 
and  seem  to  make  use,  to  a  great  extent,  of  both  processes.  In 
P.  minus  the  flowers  are  about  as  large  and  rich  in  honey  as  those 
of  P.  Persicaria,  but  are  united  in  much  looser,  thinner  spikes ; 
they  are  therefore  less  conspicuous,  less  visited  by  insects,  and 
more  subject  to  self-fertilisation.  Finally,  in  P.  aviculare,  whose 
flowers  are  not  only  much  smaller,  but  are  solitary  and  devoid  or 
almost  devoid  of  honey,  insect-visits  and  consequent  cross-fertilisa- 
tion are  only  the  exception  ;  yet  this  species  is  with  us  the  most 
abundant  of  its  genus,  and  one  of  the  commonest  of  our  native 
plants. 

The  species  of  Kumex  are  anemophilous,  and  Axell  figures  the 
flowers  of  Rumen  crispus  to  compare  them  with  the  entomophi- 
lous  flowers  of  Rheum  Rhaponticum;  I  have  however  found  a  bee, 
Ealicius  cylindricus,  F.  ? ,  busily  engaged  upon  the  anthers  of 
Rvmex-dbtusifolius,  L.;  and  in  the  Alps  I  have  often  seen  red  butter- 
flies seated  on  Kumex  when  in  seed  and  like  them  in  colour  (590, 
11. ;  609). 

Olid.  CYTINAGEJS. 

Brugmansia  Zippelii,  Blume,  is  fertilised,  in  Delpino's  opinion, 
bv  carrion-flies  which  are  detained  for  a  time  in  the  flowers  (178). 
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Darwin  supposes  that  the  flowers  of  Brugmansia  are  visited 
legitimately  by  long-billed  humming-birds,  but  that  short-billed 
humming-birds  bore  through  the  corolla  and  steal  the  honey  (164). 

Rajjksia  Arnoldi,  R.  Br.,  Horsfieldi,  R.  Br.,  and  Patma,  BL,  are 
probably  fertilised  by  carrion-flies  (178). 

Ord.  ARISTOLOCHIACEjE. 

Asarum  enropceixm,,  L.,  and  A.  canadense,  L.,  are  proterogynous 
with  short-lived  stigmas.  In  the  first  stage  the  stigma  is  mature, 
and  the  twelve  anthers  are  still  at  the  base  of  the  flower.  In  the 
second  stage  the  stamens  grow  up,  arch  over  the  stigma,  and 
dehisce  outwards.  The  fertilisers,  in  Delpino's  opinion,  are  small 
flies  (177). 

Asarum  may  be  looked  upon  as  an  incomplete  stage  in  the 
development  of  the  prison  of  Aristolochia  (589). 

Heterotropa  asaroides,  Mor.  and  Dene. — The  flowers  are  interme- 
diate in  structure  and  in  the  mechanism  of  pollination  between 
Asarum  and  Aristolochia.  According  to  Delpino,  the  involute 
edge  of  the  ventricose  corolla  forms  a  temporary  prison  for  the 
insect-visitors,  which  are  probably  flies  (178,  360). 

375.  Aristolochia  Clematitis,  L.— The  remarkable  structure 
of  this  flower,  which  was  long  the  only  example  known  of  a  tem- 
porary prison  for  insects,  was  so  far  unravelled  by  Sprengel's  acute 
and  patient  observations,  that  Hildebrand's  investigations  have 
brought  nothing  new  to  light,  except  the  fact  of  proterogyny  and 
consequent  cross-fertilisation  (349). 

The  erect  tube  of  the  corolla  is  in  the  first  stage  lined  with 
reflexed  hairs,  which  permit  small  midges  to  creep  down  into  the 
lower  wider  part  which  affords  them  shelter,  but  prevents  them  from 
creeping  up  again.  In  this  cage  the  insect-visitors  find  the  stig- 
mas mature,  and  fertilise  them  with  pollen  brought  from  flower's 
visited  before,  the  anthers  meanwhile  remaining  closed.  On  the 
withering  of  the  stigmas,  the  anthers  open  ;  the  tube  of  the  flower 
bends  downwards  ;  the  hairs  wither  and  release  the  prisoners 
laden  with  pollen,  to  fertilise  other  flowers  which  are  still  in  their 
first  (female)  stage. 

Among  numerous  small  species  of  gnats  which  I  took  in 
hundreds  from  the  flowers  of  Aristolochia  Clematitis,  Hen-  Win- 
nertz  identified  the  following  : 
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376.  Aristolochia  Sipho,  L.  (178,  349,  360).— In  this  species 
the  corolla  maintains  the  same  position  during  the  whole  period  of 
flowering.  Its  lower  part  is  directed  straight  downwards,  and  then 
with  a  sudden  bend  turns  directly  upwards ;  it  is  moderately  wide, 
and  the  mouth  is  provided  with  a  three-lobed  lip.  In  this  species, 
as  in  the  previous  one,  we  find  flies  imprisoned  during  the  first 
stage,  while  the  stigmas  alone  are  ripe  ;  they  fertilise  the  stigmas 
with  pollen  brought  from  other  flowers,  and  remain  caged  until 
the  stigmas  wither  and  the  anthers  shed  their  pollen. 

The  reason  why  they  stay  imprisoned  so  long  seems  to  me  still 
insufficiently  explained.  In  Delpino's  opinion,  to  which  Hilde- 
brand  assents,  the  smooth  sides  of  the  tube  prevent  the  flies 
creeping  up,  until  the  withering  of  the  flowers  affords  them  foot- 
hold. This  explanation  can  only  be  correct  if  that  part  of  the 
tube  which  slopes  downwards  from  the  entrance  is  distinctly 
smoother  than  the  other  portion  which  leads  up  from  the  lowest 
part  of  the  tube  to  the  expanded  terminal  chamber ;  for  if  both 
are  equally  smooth  the  flies  will  have  as  much  difficulty  in 
climbing  up  into  the  stigmatic  chamber  as  in  climbing  back  out 
of  the  flower.  In  Arum  I  have  repeatedly  noticed  that  the  small 
midges  try  to  escape  from  their  prison,  not  by  creeping,  but  by 
flying  towards  the  light,  and  get  knocked  down  by  the  grating  at 
the  mouth  of  the  flower.  So  if  in  Aristolochia  Sipho  the  inside 
of  the  tube  is  all  so  smooth  that  flies  can  climb  neither  one  way 
or  the  other  from  the  lowest  part,  the  reason  of  their  imprisonment 
must  be  sought  only  in  the  curvature  of  the  two  ends  of  the  tube, 
the  one  rising  straight  from  the  lowest  part  to  the  cage,  while  the 
other  part  which  rises  up  towards  the  entrance  of  the  flower  is  so 
bent  outwards  at  its  upper  end  that  the  insects  flying  towards  the 
light  knock  against  the  bend  and  fall  back  again.  They  are  set 
free  by  the  shrivelling  up  of  the  corolla,  which  enables  them  to 
creep  out. 

Delpino  found  in  the  cage  :  (a)  Muscidm  :  (1)  Lonclipea  tarsata,  Fallen  ; 
(b)  Phoridce. :  (2)  Pliora  pumila,  Mgn.  I  found  :  Muscidm :  (1)  Saproimza 
apicalis,  Loew,  very  ab.  ;  (2)  Myodina  fibrans,  L.,  scarce  ;  also  a  small  black 
gnat,  very  ab.,  which  I  was  unable  to  identify. 

Aristolochia  altissima,  Dsf.,  A.  rotunda,  L.,  and  A.  pallida,  W., 
show  only  slight  variations  from  A.  GU  matitis,  according  to  Delpino 
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A.  Bonplandi,  Ten.,  unites  the  form  of  corolla  of  A.  Sipho  with 
the  transitory  hairs  of  A.  Clcmatitis  (360). 
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From  the  dark -red  colour  and  putrid  smell  of  A.  grandiflora, 
S\v.,  in  Jamaica,  Delpino  conjectured  that  it  was  visited  by  carrion- 
flies  ;  and  also  that  the  tendril  which  passes  from  the  upper  margin 
of  a  flower  to  curl  round  a  neighbouring  twig  held  the  flower,  even 
during  the  visits  of  heavier  insects,  in  the  position  which  it  must 
occupy  to  act  as  a  temporary  prison  (178,  360). 

Ord.  PROTEACEJE. 

The  Proteaceas  are  proterandrous  according  to  Delpino.  On 
a  superficial  examination  they  seem  to  fertilise  themselves,  for  the 
anthers  open  in  the  bud  and  shed  their  pollen  on  the  knobbed 
style.  Even  Treviranus  fell  into  this  error.  But  the  stigmas 
themselves  only  come  to  maturity  much  later,  when  probably  the 
pollen  has  been  mostly  carried  away.  According  to  Delpino 
honey-sucking  birds  are  the  visitors  for  several  species  (178,  360). 
See  also  Bentham's  very  interesting  essay  "  On  the  Styles  of 
Australian  Proteacese"  (85). 

Ord.  THYMELJSACEjE. 

Daphne  Mezereum,  L. — The  corolla-tube  is  6  mm.  long,  and  2 
mm.  wide  at  the  mouth.  The  flower  is  fitted  for  a  miscellaneous 
lot  of  bees,  long-tongued  flies,  and  butterflies,  by  which  it  is  found 
to  be  visited  (Apidse  :  Apis,  A  nthophora,  Osmia,  Halictus  ;  Diptera, 
Syrphidse:  Eristalis ;  Lepidoptera:  Vanessa  nrticoe).  The  proboscis 
of  such  insects  in  entering  the  tube  first  rubs  against  the  anthers 
(which  form  two  whorls  of  four  each  in  the  upper  part  of  the  tube) 
without  getting  dusted  by  their  pollen,  which  is  only  very  slightly 
sticky  ;  it  then  comes  in  contact  at  a  lower  level  with  the  stigma, 
before  reaching  the  honey,  which  is  secreted  by  the  base  of  the 
ovary  and  fills  the  lower  part  of  the  tube.  The  insect's  proboscis 
only  gets  dusted  with  pollen  as  it  is  being  drawn  out  of  the  flower. 
In  absence  of  insects  pollen  falls  of  itself  upon  the  stigma. 

Daphne  striata,  Tratinnick.— This  plant  is  a  striking  feature  in 
the  higher  Alps,  with  its  hemispherical,  close-set  trusses  of  white 
or  red  strong-scented  flowers.  By  these  characters,  and  by  the 
narrow  mouth  of  its  corolla  (whose  tube  is  10  mm.  long,  and  whose 
mouth  is  only  1  mm.  wide),  it  is  specially  adapted  for  Lepidoptera, 
which  visit  it  in  great  numbers  (578,  vol.  xi. ;  589,  590,  II. ;  609)! 
The  flowers  emit  their  scent  chiefly  in  the  evening,  and  are  visited 
especially  by  Sphingidas  and  moths. 

Leucosmia  is  dimorphic  (167,  351). 
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Ord.  ELJEAGNE2E. 

Mccagnus  angustifolia,  L.,  is  visited  by  Apis  nullified,  L. 
and  Syritta  pipiens  (Syrphidse)  (590,  II.)'. 


Ord.  SANTALACE.E. 

Thesium  cdpinum,  L.,  is  homogamous  (609,  fig.  154). 
Thesmm  pratense,  Ehrh.,  is  visited  by  the  hive-bee  (590, 11.). 


Ord.  EUPHORBIACEuE. 

The  regular  branching  and  the  order  of  succession  of  the 
flowers  in  Euphorbia  helioscopia  has  been  thoroughly  described  by 
Delpino.  He  states  that  Euphorbiaceoe  are  fertilised  by  Diptera 
(178,  360). 

This,  however,  is  not  altogether  correct.  Very  many  short- 
lipped  insects  (flies,  beetles,  Hyrnenoptera)  resort  to  the  freely 
exposed  honey  and  aid  in  the  work  of  cross-fertilisation.  Where 
Euphorbia  is  growing  in  abundance  even  bees  resort  to  it.  I 
have  found  upon  E.  Cyparissias  in  Low  Germany  : — 'Diptera,  4 ; 
Coleoptera,  8 ;  Hemiptera,  3 ;  Hyrnenoptera,  10  (Apidae,  4)  ;  Lepi- 
doptera,  1  (590,  II.).  On  the  same  plant  I  have  found  on  the 
Alps  : — 21  flies  ;  1  beetle  ;  4  Hyrnenoptera,  of  which  none  were 
bees;  and  3  Lepidoptera  (609). 

Euphorbia  (Poinsettia)  pulcherrima  has  scarlet  bracts,  and  a 
large  nectary  in  each  (726).1 

A  Brazilian  species  of  BaUchampia,  according  to  Fritz  Miiller, 
attracts  the  insects  which  cross-fertilise  it  by  means  of  a  colourless 
resin  secreted  in  special  glands.  This  is  collected  by  the  insects 
(bees),  and  used  in  nest-building  (597). 


Ord.  URTICACEJ:. 


Tribe  Urticece. 

The  plants  of  this  tribe  are  anemophilous  ;  the  stamens  explode 
when  the  flower  opens,  scattering  the  pollen  (178). 
Parietaria  has  proterogynous  flowers  (35  0- 

1  Lists  of  visitors  to  the  Mowing  Eupliorbiaoesa  are  given  in  No.  590,  n.  :— 
Euphorbia  Esula,  L.,  E.  Gcrardiana,  Jacq.,  E.  pcplu*,  L.,  E.  hdwscopm,  L.,  BtlXUS 
acmpervirens,  L. 
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Urtica  urens,  L.,  owes  it  great  abundance  to  the  early  period  of 
the  year  at  which  it  flowers,  its  regular  cross-fertilisation,  and  the 
quick  ripening  of  its  fruit  (590,  597). 

Tribe  Artocarpece. 

377.  Ficus  Carica,  L.— The  latest  researches  confirm  the  fact, 
which  Linnaeus  (416A)  was  aware  of,  that  the  so-called  Gaprificvs, 
which  bears  inedible  fruit,  and  the  fig-tree,  cultivated  for  the  sake 
of  its  fruit  from  time  immemorial,  stand  in  the  relation  of  male  and 
female  to  one  another.  Fertilisation  is  effected  by  a  wasp,  Blasto- 
phaga  grossorum,  Grav.  (Cynips  Psenes,  L.,  Chalcidiclce).  The  hollow 
inflorescence  which  we  call  a  fig  is  very  markedly  proterogynous 
in  both  the  fig-tree  and  the  Caprificus.  The  greater  part  of  its 
inner  wail  is  covered  with  female  flowers,  which  are  mature  when 
the  "  eye "  (ostiolum)  of  the  young  fig  opens.  Male  flowers  line 
a  limited  zone  near  the  orifice,  and  are  not  mature  until  the  fio- 
is  ripe.  The  Caprificus  produces  three  crops  of  figs  annually,  one 
crop  beginning  to  flower  as  the  previous  one  is  ripe.  Many 
varieties  of  the  fig-tree  ripen  two  crops,  some  three,  annually. 
In  most  cases  each  crop  of  figs,  whether  of  the  fig-tree  or  the 
Caprificus,  brings  only  flowers  of  one  sex  to  full  maturity. 

At  Naples,  the  Caprificus  ripens  its  three  crops  of  inedible  figs 
in  April,  June,  and  August.  The  first  crop  are  called  mamme, 
the  second  projichi,  and  the  third  mammoni.  Each  of  these  hatches 
a  new  generation  of  fig-wasps,  but  it  is  only  the  second  which 
produces  the  pollen  with  which  the  fig-tree  is  cross-fertilised  Each 
crop  produces  female  Bowers  in  which  the  wasps  undergo  their 
development,  but  male  flowers  are  usually  quite  wanting  in  the 
mamme,  few  m  number  in  the  mammoni,  and  only  plentiful  in  the 
profioU.  The  fig-tree  also  produces  three  crops  in  the  season 
called  Jiori  dtfico,  pedagnuoli,  and  cimaruoli. 

The  reproduction  of  the  fig-wasp  takes  place  in  the  following 
way.  The  female  wasps  force  their  way  with  the  loss  of  their 
wings  mto  young  figs  of  the  Caprificus,  through  the  narrow 
ostiolum  They  ay  their  eggs  m  the  ovaries  of  the  female  flowers 
between  the  nucleus  and  the  integuments,  placing  one  e-  onlv" 
m  each.  The  wasp  dies  within  the  fig  to  which  it  has  intrusted 
its  offspring.  In  consequence  of  the  puncture  which  the  wasp  has 
made,  the  female  flower  enlarges  after  the  manner  of  a  1 U  and 
m  its  ovary  instead  of  its  own  embryo,  the  wasp-embryo  £ elops 
W hi  e  the  figs  themselves  are  proterogynous,  the  wasps  on  the 
other  hand  are  proterandrous.    The  wingless  males  are  the  first  to 
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emerge  ;  they  gnaw  their  way  into  the  ovaries  in  which  the  females 
lie,  and  impregnate  them,  and  afterwards  perish  within  the  same 
fig  in  which  they  were  born.  The  winged  females  then  escape 
by  widening  the  passage  made  by  the  males.  They  leave  the  ripe 
fig  by  way  of  the  ostiolum,  and  enter  a  young  fig  either  of  the 
same  Caprificus  or  of  a  neighbouring  fig-tree,  to  lay  their  eggs  in 
its  female  flowers.  The  wasps  which  enter  the  young  Caprificus- 
figs  (either  passing  from  mamme  to  projichi,  or  from  profichi  to 
mammoni,  or  from  mammoni  to  mamme)  produce  a  new  progeny ; 
those  on  the  other  band  which  enter  young  figs  upon  a  fig-tree 
(passing  from  mamme  to  fiori  di  fico,  or  from  profichi  to  pcdagnuoli, 
or  from  mammoni  to  cimaruoli)  leave  no  offspring,  since  in  the 
cultivated  figs  the  female  flowers  are  so  constituted  that  the 
wasps  are  not  able  to  lay  their  eggs  in  the  right  spot. 

Of  the  three  generations  of  wasps  only  those  which  have 
developed  within  profichi  act  as  fertilising-agents.  In  the  profichi, 
at  the  time  when  the  wasps  escape  from  the  ovaries,  the  zone 
of  male  flowers  near  the  ostiolum  is  covered  with  pollen ;  so  the 
wasps  leave  these  figs  laden  with  pollen.  They  carry  this  pollen 
partly  to  the  stigmas  of  young  mammoni  of  Caprificus,  which, 
however,  rarely  set  a  seed  capable  of  germinating,  and  partly  to 
the  pcdagnuoli  of  the  fig-tree,  which  after  this  cross-fertilisation 
bear  good  seed  plentifully. 

While  the  fruit  of  the  Caprificus,  whose  only  use  is  to  supply 
pollen,  remains  hard  and  withers  on  the  tree  or  falls  off  without 
becoming  sweet,  the  fruit  of  the  fig-tree,  when  the  seeds  ripen, 
becomes  sweet  and  juicy,  and  so  attracts  birds  which  disseminate 
the  seeds. 

From  the  most  ancient  times,  as  long  as  the  fig-tree  has  been 
cultivated,  its  artificial  fertilisation  by  means  of  the  Caprificus, 
or  so-called  Caprification,  has  been  practised.  This  process  consists 
in  hanging  ripe  fruit  of  the  Caprificus  (profichi)  to  the  branches  of 
fig-trees,  whose  figs  (pcdagnuoli)  are  then  in  their  female  stage, 
with  open  ostiola.  The  wasps,  issuing  from  the  former,  enter  the 
latter,  bringing  the  pollen  of  the  profichi  with  them.1 

Sycomorus  antiquorum,  Miq.— The  Egyptian  Sycamore  has  for 
its  fertilising  agent  a  small  wasp,  Sycophaga  sycomori,  Hasselquist, 
which  is  closely  related  to  the  fig-wasp,  and  has  a  similar  mode 
of  life.  The  females  do  not  leave  the  ripe  fruit  through  the 
ostiolum,  but  through  several  holes  which  they  make  near  it. 
1  Sec  Bibliographical  Index  for  a  list  of  papers  relating  to  Caprification. 
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Both  females  and  males  are  wingless,  and  the  males  are  dis- 
tinguished by  having  a  pair  of  long  appendages  at  the  side  of  the 
abdomen,  which  are  attached  to  the  stigmata,  and  probably  protect 
them  from  the  brown  sticky  pulp  within  the  fruit  (460). 

Paul  Mayer  has  investigated  the  wasps  of  numerous  other  old- 
world  species  of  figs,  mostly  from  herbarium  specimens.  In  some 
species  of  Ficus  and  Sycomoms  he  has  found  Blastophaga  and 
Sycophaga  together,  but  the  whole  number  of  species  of  wasps 
was  very  small.  On  the  other  hand,  the  Brazilian  figs,  of  which 
Fritz  Miiller  examined  ten  species  in  his  own  neighbourhood 
(Blumenau,  province  of  St.  Catharina),  possess  an  astonishing 
variety  of  wasps  belonging  to  the  same  family  of  the  Agaonidce  ; 
some  of  these  belong  to  the  genus  Blastophaga,  some  to  a  genus 
like  Ichneumon.  Many  are  adorned  with  metallic  colours,  which 
fact  suggests  a  longer  stay  in  the  open  air.  In  point  of  fact,  most 
of  the  figs  which  Fritz  Miiller  studied,  flower  only  once  a  year, 
so  that  many  of  these  wasps  must,  in  order  to  lay  their  eggs,  seek 
another  tree  of  the  same  species  which  is  just  beginning  to  flower 
at  the  time  when  the  figs  are  ripe  upon  the  tree  where  they  them- 
selves were  developed.  In  the  case  of  many  species  of  these  wasps, 
at  least  four  migrations  are  necessary  in  the  course  of  the  year. 

In  these  figs,  the  old  inflorescence  from  which  the  wasps  issue 
bears  only  male  flowers,  and  the  young  inflorescence  which  they 
enter  bears  only  female  flowers.  Self-fertilisation  is  thus  rendered 
impossible,  and  separate  individuals  are  regularly  crossed.  The 
fruit  becomes  sweet  and  in  many  cases  gaily  coloured  when  the 
seeds  ripen,  and  parrots  which  feed  on  it  help  to  disseminate 
the  seeds  (460). 

Oed.  JUGLANDACEJS. 

Juglans  cmerea,  L.,  in  the  United  States  is  monoecious,  and,  like 
J.  regia,  L.,  m  Europe,  is  sometimes  proterandrous  and  sometimes 
proterogynous  (Darwin,  167,  2nd  ed.). 


Oed.  CUPULIFERjE. 
The  plants  of  this  order  also  are  anemophilous,  but  not  quite 
excluded  from  insect-visits.     On  February  29    1868    in  fine 
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Oed.  SALIC  INEM 

378  a.  Salix  cinerea,  L.;  378  6.  S.  caprea,  L.;  378  c.  S. 
AURITA,  L.,  etc. — In  spite  of  the  simplicity  of  their  flowers,  which 
differ  little  from  the  anemophilous  flowers  of  the  poplar,  willows 
possess  special  modifications  which  bring  them  greater  variety  of 
insect- visitors  in  the  first  sunny  days  of  spring,  and  insure  them 
abundant  cross-fertilisation.  These  are  :  1,  the  union  of  many 
flowers  on  one  inflorescence,  which  is  not  only  more  conspicuous, 
but  more  easily  and  quickly  sucked  than  so  many  single  flowers ;  as 
in  all  other  diclinous  entomophilous  plants,  the  male  flowers  are 
more  conspicuous  than  the  female  ones,  owing  in  this  case  to  the 
bright  yellow  colour  of  the  anthers ;  2,  the  development  of  the 
flowers  in  many  Salices  before  the  leaves,  which  renders  the  flowers 
conspicuous  among  the  bare  twigs  in  spite  of  their  want  of  coloured 
envelopes ;  3,  the  large  store  of  honey  and  pollen ;  and  4,  above  all, 
the  early  period  of  flowering,  which  leads  many  bees,  especially 
many  species  of  Andrena,  to  resort  almost  exclusively  to  willows  in 
search  of  food  for  their  young.  These  characters,  of  which  the 
only  one  probably  that  has  been  developed  in  direct  reference  to 
insect-visits  is  the  secretion  of  honey,  have  so  far  insured  cross- 
fertilisation  that  the  plants  can  well  afford  to  dispense  with  the 
power  of  self-fertilisation.  Most  diclinic  entomophilous  flowers 
{Asparagus,  Bibes  nigrum,  Lychnis  vespertina,  etc.)  seem  to  have 
become  diclinic  by  degeneration  of  their  formerly  hermaphrodite 
flowers,  but  Salix  seems  to  inherit  its  diclinic  condition  from  the 
oldest  phanerogams,  which  were  diclinic  and  anemophilous. 

Visitors  :  A.  Hymenoptera— (a)  Apidce :  (1)  Apis  mellifica,  L.  § ,  s.  and 
c.p.,  very  ab.  ;  (2)  Bombus  fragrans  (Pall.),  K.  ?  ;  (3)  B.  bortorum,  L.  ?  ;  (4) 
B.  lapidarius,  L.  ?  ;  (5)  B.  pratorum,  L.  ?  ;  (6)  B.  Scrimshiranus,  K.  9.  ;  (7) 
B.  terrestris,  L.  $,  Nos.  2—7  s.  ;  (8)  Osmia  rufa,  L.  s. ;  (9)  Nomada 
succincta,  Pz.  $  $,  very  ab.  ;  (10)  N.  lineola,  Pz.  <J  ;  (11)  K  varia,  Pz.  <J, 
ab.  ;  (12)  N.  Lathburiana,  K.  ?  $,  ab.  ;  (13)  N.  ruficornis,  L.  9  <J,  very  ab.  ; 
(14)  N.  signata,  Jur.  ;  all  the  species  of  Nomada  s.  ;  (15)  Colletes  cunicularia,  L. 
9.  <J ,  c.p.  and  b.j  in  hundreds  ;  (16)  Andrena  albicans,  K.  ?  very  ab. ;  (17) 
A.  albicrus,  K.  ?'£  ;  (18)  A.  apicata,  Sm.  ?  ;  (19)  A.  argentata,  Sm.  (=  gracilis, 
Schenck)  ?,  scarce,  ab.  ;  (20)  A.  atriceps,  K.  (=  tibialis,  K.)  ?  $ ;  (21)  A. 
chrysosceles,  K.  $  ;  (22)  A.  cineraria,  L.  ?  <J,  ab.  ;  (23)  A.  Collinsonana,  K. 
0  •  (24)  A.  connectens,  K.  $ ,  scarce  ;  (25)  A.  dorsata,  K.  $  $ ,  ab.  ;  (26)  A. 
eximia,  Sm.  $  ;  (27)  A.  Flessre,  Pz.  ?,  rare  ;  (28)  A.  fulvicrus,  ]£.?<?,  ab  ; 
(29)  A.  Gwynana,  K.  ?  <J,  ab.  ;  (30)  A.  helvola,  L.  ?  $  ;  (31)  A.  nana,  K. 
9  *  ■  (32)  A.  nigroamea,  K.  ?  $ ;  (33)  A.  nitida,  Fouxc.  £  ;  (34)  A.  pavvi.la, 
K  S;  (35)  A.  pilipes,  F.  <J  ;  (36)  A.  pratensis,  Nyl.  (=  ovina,  EX)  ?  3,  ab.  ; 
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(37)  A.  punctnlata,  Schenk,  ?  $  ;  (38)  A.  rosso,  Pz.  $  ;  (39)  A.  Sehrankella,  Nyl. 

?  ;  (40)  A.  Sniithella,  K.,  £ ,  very  ab.,  $ ,  scarcer ;  (41)  A.  Trimmerana,  K. 

$  ;  (42)  A.  varians,  Eossi,  ?  ;  (43)  A.  ventralis,  Imh.,  g,  very  ab.,  $  scarce  ;  the 
of  all  the  Audrenae  s.,  the  $  s.  and  c.p.  ;  (44)  Halictus  cylindricus,  F.  $ ; 
(45)  H.  albipes,  F.  $ ,  both  s.  ;  (46)  Sphecodes  gibbus,  L.  $ ,  and  its  varieties, 
s. ;  (b)  Vespidce :  (47)  Vespa  germanica,  L.  J ,  s.  ;  (48)  Odynerus  parietum, 
L.  $? ,  s.  ;  (c)  Ichneumonidai :  (49)  Various  sp.  ;  (d)  Pteromalidce :  (50)  Peri- 
lampus  sp.,  freq.  ;  (e)  Tenthredinidce :  (51)  Dolerus  madidus,  KL,  s.  ;  (52)  D. 
eglanterias,  F.,  s. ;  (53)  D.  gonager,  Kl.,  s.  ;  (54)  Nematus  rufescens,  H.,  s.  B. 
Diptera — (a)  Empidce :  (55)  Ehamphomyia  sulcata,  Fallen,  s.  ;  (56)  Empis 
sp.,  ab.,  s.  ;  (b)  Bombylidce  :  (57)  Bombylius  major,  L.,  s.  ;  (c)  Syrphidce  : 
(58)  Eristalis  tenax,  L. ;  (59)  E.  arbustorum,  L.  ;  (60)  E.  intricarius,  L.  ;  (61) 


Fig.  177. — Salix  herbacea,  L. 

A.  — Part  of  a  male  plant  (nat.  size). 

B.  — Male  catkin,  with  rive  flowers. 

C— Male  flower,  after  removal  of  the  bract,  seen  from  without. 

D. — Male  flower,  from  within. 

E — Female  catkin,  with  six  flowers. 

F.  — Single  female  flower,  from  within. 

G.  — Ditto,  after  removal  of  the  bract,  seen  obliquely  from  without,  so  that  the 
large  nectary  (n)  is  visible.       small  nectary. 

(B— G,  X  7 ;  Albula,  21,  22,  July,  1878). 


E.  pertinax,  Scop.  ;  (62)  Bracbypalpus  valgus,  Pz.  ;  (63)  Syrpbus  pyrastri  L  • 
(64)  S.  ribesii,  L.  ;  (65)  S.  balteatus,  Deg.  ;  (66)  Cbeilosia  chloris,  M>n  -'(67) 
Cb.  brachysoina,  Egg.  ;  (68)  Ch.  mpdesta,  Egg.  ;  (69)  Ch.  pictipennis,  Egg  • 
(/0)  Cb.  praxox,  Zett.  ;  (71)  Syritta  pipiens,  L. ;  all  these  Syrphidre  bothV 
and  f.p.:  (d)  Muscidw ;  (72)  Pollenia  rudis,  F.,  f.p.  ;  (73)  Calliphora  erythro- 
cephala,  Mgn.,  s.  ;  (74)  Scatophaga  stercoraria,  L.  ;  (75)  Sc  raerdaria  L 
l°th^M+{i  Cmtd*i  W  Sicus  ^rugineus,  L.  ;  (77)  Myopa  buccata,' 
M  '  (  t  2rT  i'  aU  tLree  rall,er  rr°1"  s- !  (/)  BibionidcB  :  (79)  Bibio 
Marci,  L.  ;  (80)  B.  Johanms,  L.,  both  species  s.    C.  Coleoptera-fa)  NiN 

Pz.  D.  LePidoptera-(a)  Rhopalocera  :  (83)  Vanessa  urticse,  L.,  ab ,  s  •  (84 
LycDana  argiolus,  L.,  s.  ;  (h)  Microlepidopiera :  (85)  Adela  sp.,  ab.  E  Hemi 
ptera-(86)  Anthocoris  sp.,  s.    Sec  aW  No.  590  ir 
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379.  Salix  repens,  L. — On  the  much  less  conspicuous  flowers 
of  this  small  species,  I  found  only — 

A.  Hymenoptera— (a)  Apidm:  (1)  Apis  nielMca,  L.  8.,ab.  ;  (2)  Bombus 
terrestris,  L.  $,  c.p. ;  (3)  Andrena  ventralis,  Imli.,  ?,  c.p.,  $,  s. ;  (4)  A.  pra- 
tensis,  Nyl.  $ ,  c.p.  ;  (5)  A.  albicans,  K.  ? ,  c.p.  ;  (6)  A.  Gwynana,  K.  ? ,  c.p. ; 
(b)  Tenthredinidw :  (7)  Dolerus  eglanterite,  F.,  a.  B.  Diptera— (8)  Bombylius 
major,  L.,  s.  ;  (9)  Myopa  buccata,  L.,  s.  C.  Lepidoptera— (10)  Vanessa 
Io,  L.,  -s. 

Salix  herbacea,  L.— Even  this,  the  smallest  of  our  Salices,  which 
straggles  over  the  bare  rock  of  the  highest  Alps,  attracts  sufficient 
insect- visits  to  be  able  to  dispense  with  the  possibility  of  spontaneous 
self-fertilisation  ;  the  latter  is  rendered  impossible  by  the  dioecism 
of  the  flowers.  This  fact  is  strikingly  opposed  to  the  common 
statement  that  on  the  Alps  (owing  to  the  great  scarcity  of  insects) 
only  those  plants  which  possess  the  largest  and  brightest  flowers 
succeed  in  being  fertilised  by  the  aid  of  insects.  The  flowers  are 
inconspicuous,  but  the  honey  is  very  abundant.  The  only  visitors 
that  I  have  found  on  the  flowers  of  S.  herbacea  are  a  small  moth 
{Tinei&az)  and  a  fly  (Ccenosia  sp.),  both  sucking  honey  (609). 1 

Ord.  EMPETRACEjE. 
Empetrum  nigrvm,  L.,  is  anemophilous  (762). 

Gymnospermeae. 

These  lowest  and  oldest  Phanerogams  have  diclinic  anemo- 
philous flowers  ;  the  female  flowers  are  devoid  of  a  stigma,  and  possess 
a  cavity  in  the  ovule  between  the  micropyle  and  the  nucleus.  In 
the  flowering  period,  a  drop  of  fluid  rests  upon  the  micropjde  ;  the 
pollen-grains  brought  by  the  wind  are  caught  by  it,  and  are  drawn 
within  the  micropyle  as  the  fluid  evaporates  or  is  absorbed  (178  I.  ; 
712). 

Delpino  has  given  a  fuller  account  of  the  process  of  pollination  in 
Pimcs  pinaster,  Ait.,  and  P.  halepensis,  Ait.,  (178)  and  in  Larix  (177). 

Monocotyledons. 

Ord.  HYDROCHARIDEjE. 

Vallisneria  spiralis,  L. — The  male  flowers  are  set  free  from  the 
plant  and  float  on  the  surface  of  the  water.  The  pollen,  which  had 

1  Insect-visitors  of  SaUxfragilis,  L.,  and  S.  amyqdalina,  L.,  are  enumerated  in 
No.  590,  11.  ;  and  those  of  S.  reticulata,  L.,  and  S.  rctusa,  T,.,  in  No.  609. 


part  in.]        THE  MECHANISMS  OF  FLOWERS.  527 

hitherto  been  protected  from  contact  with  the  water,  is  now  carried 
by  currents  to  the  stigmas  of  female  flowers.  Vallisneria  is,  in  a 
certain  sense,  a  transition  from  the  water-fertilised  to  the  insect- 
fertilised  flowers  ;  Hydrocharis  is  distinctly  entomophilous  (178,11.). 

Oed.  ORCIIIDEjE. 

This  family  is  remarkable  for  the  following  characters,  due  to 
its  wide  distribution  and  to  its  enormous  number  of  species  :  first, 
for  great  variety  of  habit  and  diversity  of  station ;  secondly,  for  its 
immense  variety  of  peculiar  and  highly-specialised  flowers ;  and 
thirdly,  for  the  unusually  large  number  of  seeds  produced  in  each 
capsule.  The  diversity  of  habit  and  place  of  growth  must  be  ex- 
plained by  supposing  all  the  parts  of  the  plant  concerned  in  nutri- 
tion to  have  been  very  variable.  I  have  discussed  at  full  length 
their  variability  in  our  recent  species,  in  a  paper  upon  the  genetic 
relations  of  Upijpactis  mridifolia,  E.  micrcphylla,  and  E.  latifolia 
(565). 

The  multiplicity  of  forms  of  flowers  is  not  difficult  to  under- 
stand if  we  only  sujapose  the  ancestors  of  the  family  to  have  been 
as  liable  to  variation  in  their  flowers  as  our  recent  species  are.  Dr. 
Rossbach  has  discussed  the  variability  of  the  flower  in  Orchis fitsca,1 
and  I  myself  in  the  genus  Habenaria.2 

I  do  not  doubt  that  Orchids  owe  their  extraordinarily  perfect 
adaptations  to  particular  insects  not  only  to  the  tendency  of  the 
parts  of  their  flowers  to  variation,  but  also  to  the  separation  in 
time  of  the  two  stages  in  the  act  of  impregnation.  At  the  time 
of  flowering  the  ovule  is,  as  a  rale,  not  yet  developed ;  pollen  is 
applied  to  the  stigma,  and  the  pollen-tubes  grow  out,  but  the  ovule 
is  only  developed  and  impregnated  weeks  or  months,  sometimes  six 
months,  later.^  The  extremely  complete  adaptations  to  cross-fertil- 
isation have  in  their  turn  resulted,  in  many  cases,  in  the  flowers 
becoming  absolutely  sterile  to  their  own  pollen. 

In  regard  to  capacity  for  fertilisation  by  their  own  pollen, 
Orchids  show  the  greatest  possible  differences,  all  of  which,  however' 
are  linked  together  by  intermediate  conditions.  We  find  in  this 
order,  cleistogamic  flowers3  and  open  flowers;  flowers  regularly* 

»  Ibid*1'  de^a^"fH^ercinsfurPr-  Meinl.  und  Wcstfal.  p.  166,  1857. 
Jj)^y^$^^^nd^  *49)  ;  BendroUum  (Ander- 

i^t^^SBffs&^s^  274)5  Epi*actis  *****  (H- 
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or  occasionally1  self-fertilised;  others  never  self- fertilised,  though 
quite  fertile  to  their  own  pollen  if  it  be  applied  artificially  (565)  ; 
flowers  absolutely  sterile  to  their  own  pollen,  though  fertile  not 
only  to  the  pollen  of  their  own  species  but  even  to  that  of  other 
species  of  their  own  genus  (158A,  693);  finally  species  in  which 
pollinia  and  stigma  of  the  same  individual  act  as  fatal  poisons  to 
one  another.2 

In  regard  to  the  immense  number  of  seeds  sometimes  produced, 
it  may  suffice  to  record  an  observation  of  my  brother's,  who 
estimated  over  1,750,000  seeds  in  a  single  capsule  of  a  Maxillaria 

(159); 

Dissemination  by  wind  is  favoured  by  the  lightness  of  the  seeds 
and  by  the  peculiar  dehiscence  of  the  capsule,  which  opens  by 
three  longitudinal  slits,  the  parts  remaining  connected  above  or 
below. 

-  The  subject  of  the  cross-  and  self-fertilisation  of  Orchids  has 
been  so  fully  treated  in  Darwin's  classical  book  and  elsewhere  that 
I  may  confine  myself  to  notes  on  those  of  our  native  species  whose 
visitors  have  been  actually  observed,  and  to  some  recent  additions 
to  our  knowledge. 


Tribes  Epidendrece*  and  Yandece.  , 

Angrcecum  sesquipedale,  Pet.  Th. — This  plant  is  a  native  of 
Madagascar.  The' spur  is  longer  than  that  of  any  other  Orchid, 
perhaps  than  that  of  any  other  plant,  and  according  to  Darwin 
(155A,  p.  198)  an  insect  must  have  a  tongue  10  or  11  inches  long- 
to  reach  the  honey.  Mr.  W.  A.  Forbes  has  given  evidence  of  the 
existence  of  such  an  insect  (256).  My  brother  caught  a  hawkmoth 
{Macrosilia  Cluentius)  in  Brazil  which  actually  had  a  proboscis  10 
or  11  inches  long.    I  have  figured  this  proboscis  in  No.  571. 

In  Notylia,  some  species  of  Oncidium,  and  others,  honey  is 
secreted  by  the  outer  surface  of  the  ovary  and  by  the  bracts.  In  a 
Cattleya  it  is  secreted  for  a  long  period  by  the  young  fruit ;  this 
honey  is  diligently  sought  by  ants,  but  of  course  has  no  relation 
to  the  process  of  fertilisation  (Fritz  Miiller). 

Gomcza.—My  brother  observed  this  orchid  fertilised  by  a  bee, 
and  saw  the  fertilised  flower  produce  its  capsule. 

Polystachy  a. —In  a  small  Brazilian  species  of  this  genus,  the 

1  Mottia  nidus-avis  frequently,  Listera  ovata  exceptionaHy.fDarwin.  159)- 
*  Species  of  Oncidium,  Notylia,  Gomcza,  Stigmatostalix,  and  Burhngtmiw  (I'ntz 
Miiller  «o  :  Darwin,  158A,  n.  chap,  xvii.) 

8  See  also  No.  34  (Liparis  Bowkcri),  and  No.  609,  p.  77,  fig.  21  [OoraUorhtsa 

innata. 
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labellurn  becomes  full  of  loose  cells,  like  flour,  which  probably 
attract  insect-visitors  (Fritz  Miiller). 

Epidendrum. — In  South  Brazil  there  are  several  plain  green 
species  of  this  genus,  quite  without  perceptible  perfume,  which 
secrete  abundant  honey,  and  must  be  fertilised  by  insects.  This  is 
an  illustration  of  how  flowers  need  not  make  themselves  perceptible 
at  a  distance  to  their  visitors  by  means  which  affect  our  senses. 

An  observation  of  my  brother's  in  the  island  of  St.  Catharina 
in  South  Brazil  shows  how  a  plant  may  propagate  itself  by  self- 
fertilisation  when  deprived  of  the  insects  for  which  its  flowers  were 
adapted.    On  this  island  an  Epidendrum  occurs,  whose  flower  con- 
tains three  perfect  authers ;  the  two  lateral  anthers  effect  self- 
fertilisation  regularly,  while  the  pollen  of  the  third  can  only  be 
removed  by  insects,  an  event  which  seems  to  be  exceedingly  rare. 
The  flower  is  almost  scentless.    At  Itajahy  an  Epidendrum  occurs 
which  resembles  the  triandrous  Epidendrum  of  St.  Catharina  almost 
exactly,  save  that  it  is  monandrous  and  has  a  strong,  aromatic 
scent.  The  triandrous  variety  can  only  be  looked  upon  as  descended 
from  specimens  of  the  monandrous  form  which  got  transported  to 
St.  Catharina.    There  the  insects  adapted  for  the  flower  must  have 
been  absent  or  very  scarce,  so  that  the  power  to  reproduce  by  self- 
fertilisation  became  desirable.     Accordingly,  whenever  the  two 
lateral  stamens  appeared  as  an  abnormality  (as  often  happens 
m  other  Orchids)  they  had  the  greatest  possible  chance  of  being 
perpetuated  by  Natural  Selection;  the  perfume  of  the  flowers  on 
the  other  hand,  being  useless  and  therefore  removed  from  the 
influence- of  Natural  Selection,  was  lost  (533). 

Tribe  Neottiece. 

Spiranlhes  autumnalis,  Rich.,  has  been  observed  by  Darwin  to 
be  fertilised  by  humble-bees  (15  5  A,  p.  127). 

380  Listera  ovata,  R.  Br.-Sprengel  has  described  the 
fertilisation  of  this  flower  as  he  observed  it  in  his  garden  but  he 
was  not  acquainted  with  the  insect-visitors.  Darwin  has  given  an 
adrmrable  description  of  the  flower,  and  mentions  two  Hymenoptera 
F7f  anc!  GrVPto*) whi<*  he  saw  attaching  the  pollinia  to  their 
foreheads ;  as  he  caught  the  insects,  he  did  not  witness  the  placing 
oi  the  pollinia  on  the  stigma.  My  own  observations  may  help  to 
confirm  and  complete  the  accounts  given  by  Sprengel  and  Darwin 
On  a  .sunny  afternoon  in  May,  1867, 1  watched  the  insect-visitors 

M  M 
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of  this  plant  for  more  than  an  hour.  I  was  able  to  watch  about 
twenty  plants  simultaneously,  and  on  each  three  or  more  insects 
were  often  busy  sucking  honey  together.  I  concentrated  my  atten- 
tion in  every  case  on  a  single  insect,  and  did  not  catch  it  until  it  had 
accomplished  at  least  one  act  of  fertilisation  ;  most  of  them  I  only 
caught  after  they  had  fertilised  three,  four,  or  more  flowers.  The 
specimen  of  Grammoptera  Icevis  which  I  have  figured  (4,  Fig.  178) 
was  already  laden  with  pollinia  when  I  first  noticed  it ;  it  visited 
six  flowers  in  my  presence,  carrying  off  the  pollinia  from  four,  and 
applying  pollen  to  the  stigmas  of  the  other  two,  which  had  been 


Fio.  178. — Listera  ovata,  R.  Br. 

1.  — Portion  of  an  unfertilised  flower,  from  the  side.  „„«,„  Thp 

2.  -Front  view  of  flower,  after  the  pollen  masses  (po)  have  been  removed  from  the  anther.  the 
flat  rostellum  (r)  is  bent  forwards,  and  partly  conceals  the  stigma  (si).  (Magnified  one  half  as  much 
8.3  1  )   fi  nGctuxy 

3  —Pollen-masses  adhering  to  a  needle  (  x  20).    fc,  cement ;  po,  pollen-masses. 

4  —Qrammoptera  Icevis,  with  a  number  of  pollen-masses  on  its  head. 


previously  visited  and  deprived  of  their  pollinia.  To  judge  from 
the  number  of  hardened  cement-disks  which  this  insect  carried 
upon  its  head,  it  must  have  fertilised  very  many  flowers  before  I 
began  to  watch  it.  Although  a  great  many  insects  flew  away 
before  I  tried  to  catch  them,  and.  others  escaped  me,  I  secured  a 
considerable  number,  all  of  which  I  had  seen  effecting  cross-fertil- 
isation, and  all  of  which  still  bore  pollinia  on  their  heads.  Except 
Grammoptera  Icevis 1  they  were  all  Ichneunionidse.  They  have  been 
identified  for  me  by  Dr.  Kaltenbach  of  Aachen  as  follows:  (1 
Ichneumon  uniguttatus   (one  specimen);  (2)  Alysia  (one);  (3) 

'  Snreneel  seems  to  have  caught  this  insect  bearing  pollinia  of  Listera  ovata. 
At  lifheCtTons  a  small  beetle  with  black  head  and  scutellum.and  brown  elytar. 
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Cryptus  (eight  specimens  belonging  to  three  species)  ;  (4)  Phagcdon 
(two);  (5)  Tryphon  (two) ;  (6)  Campoplcx  (one);  (7)  Microgaster 
mfipes,  F.  (three).  I  saw  Bombus  agrorum,  F.,  licking  the  honey- 
in  several  flowers  without  removing  the  pollinia. 

Sprengel  has  correctly  described  how  small  insects  (all  of  the 
above,  except  Bombus)  regularly  alight  on  the  lower  end  of  the 
labellum  (p\  2)  and  slowly  creep  upwards  licking  the  honey  in  the 
groove  (n) ;  when  they  have  finished  and  raise  their  heads,  they 
come  in  contact  without  fail  with  the  slightly  prominent  edge  of 
the  thin  rostellum  (r,  1).    On  the  slightest  touch,  this  exudes 
a  small  white  drop  of  fluid,  which  reaches  the  apex  of  the  pollinia 
(po,  1)  and  hardening  instantly,  cements  them  to  the  object  whose 
touch  caused  the  exudation  ;  and  so  in  every  flower  which  has  not 
previously  been  visited,  the  insect-visitor  receives  a  new  pair  of 
pollinia.  The  insect  flies  away  startled,  and  soon  afterwards  alights 
on  the  labellum  of-  another  flower,  usually  on  another  plant  The 
rostellum,  on  first  being  touched  and  while  it  exudes  its  drop  of 
fluid,  curves  downwards  so  as  partly  to  protect  the  stigma  (2 
big.  178);  but  afterwards,  while  the  groove  of  the  labellum  is 
secreting  a  fresh  supply  of  honey,  the  rostellum  gradually  rises 
leaving  the  way  free  to  the  stigma. 

Thus  to  previous  accounts  of  this  flower  we  may  add  two 
statements:  1,  that  when  an  insect  has  once  attached  pollinia 
to  its  head,  it  must  either  acquire  a  new  pair  of  pollinia  or  armlv 
some  pollen  to  the  stigma  in  every  flower  that  it  visits  sub- 
sequently; 2,  that  not  only  does  cross-fertilisation  always  occur 
but  that  the  pollen  of  one  plant  is  usually  carried  t  a  rW 
upon  another.  "uwei 

381.  Neottia  nidus-avis,  Rich.-The  flower  resembles  that 
oiUstera  ovaia  in  regard  to  the  function  of  the  rostellum  L  i 
position  in  relation  to  the  anther  and  stigma.   It  differs,  how  v  r 
by  concealing   its   honey  from  view  though  leaving  it  easily 
accessible,  by  cementing  its  pollinia  to  the  insect-visitor!  in  a  m  ot 
rregular  and  less  effective  way,  and  by  being  frequently  elf 
fertilised  owing  to  the  dry  pollen  falling  bit  by  b  t  u  on  7 
s^gma.    All  such  insect-visitors  as  are  attracted  o'nly b Zo  ed 

ratt^s  ser ow  flowers  -  J*&st 

to  them^nTsnr  of  M  t0  be  «™  «*« 

scarcity  of        "v  Ls     lTavP     r  "  ^  ^  to 

y  visits.    I  have  only  once  watched  this  plant  at 

M  M  2 
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the  proper  season,  but  on  that  occasion  I  found  it  visited  by  flies 
in  considerable  abundance,  and  several  of  the  spikes  were  covered 
with  spiders'  webs.  I  saw  several  specimens  of  Spilogaster  cinerea, 
Wied.,  and  a  small  species  of  Muscidce  alight  on  the  labellum  and 
suck  the  honey ;  but  I  did  not  see  any  of  them  touch  the  rostellum 
and  remove  the  pollinia.  After  watching  for  a  long  time,  I  saw 
a  larger  yellow  fly  (Helomyza  ajinis,  Mgn.)  visit  a  flower ;  when 
it  crawled  up  the  labellum  to  its  base,  licking  the  honey  on  its 
way,  it  came  in  contact  with  the  rostellum  and  cemented  the 
pollinia  to  the  anterior  part  of  its  thorax.  It  flew  away,  startled ; 
but  it  was  caught  in  a  spider's  web,  and  my  chance  of  observing 
the  fertilisation  of  Neottia  was  lost. 


Fig.  179. — Neottia  nidus-avis,  Rich. 
1.—  Lflteval  view  of  flower. 

3  "EituuLltomTbove.  The  small  rings  indicate  Honey-drop, 

4.-Essential  organs,  in  side-view.  . 

br,  bract ;  co,  column.    Other  letters  as  in  Fig.  180. 

Goodyem  repens,  R.  Br.-Mr.  R.  B.  Thomson  saw  this  plant 
fertilised  in  the  north  of  Scotland  by  Bonibm  pratorum  (Darwin, 
159,  165)  ;  I  have  seen  it  on  the  Alps  fertilised  by  B.  mastrucatus, 

?  (Tte  Alpine  ChamcvorcMs  is  probably  adapted,  like  Listcra,  for 
fertilisation  by  Ichneumonidw  (609).  •  ] 

Epipactis  latifolia,  Swartz.-Charles  Darwin  observed  this  plant 
to  be  fertilised  by  wasps  ( Vcspa  silvestris).    Self-fertilisation  seems 

scarcely  possible.  ,  . 

Epipactis  microphylla,  Ehrh.,  fertilises  itself  regularly  but 
Dart  of  the  pollen  can  be  removed  by  insects  by  the  aid  of  the 
sticky  secretion  of  the  rostellum,  as  the  whole  polhnia  are  m 

M  lEp%actis  virUiflora,  Rchb.,  has  quite  lost  its  rostellum.  Small 
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portions  of  pollen  may  be  accidentally  carried  away  by  minute 
insects,  but  the  flower  is  self-fertilised  in  a  still  more  conspicuous 
degree  than  E.  microphylla.  I  have  described  elsewhere  (565) 
the  changes  in  the  relative  position  of  anther  and  stigma  which 
render  self-fertilisation  possible,  and  the  intermediate  stages 
between  the  above-mentioned  species  of  Epipactis. 

Epipactis  pahcstris,  Crantz. — Mr.  W.  E.  Darwin  saw  this  species 
visited  and  fertilised  abundantly  in  the  Isle  of  Wight  by  Apis 
mellifica,  ?  ;  also  by  flies  {Sarcophaga  carnosa  and  Ccelopa  frigida) 
and  by  Crabro  brevis. 

Epipogon  Gmslini,  Rich.— Paul  Rohrbach1  has  described  the 
structure  and  fertilisation  of  this  flower  very  admirably  (675). 
He  observed  Bombus  lucorum,  L.,  visiting  the  flowers. 


Tribe  Ophrydece. 

Serapias  longipctala,  Pollin.,  is  visited  by  bees  in  the  west  of 
Liguria  (Delpino,  567). 

Eerniinkim  Monorchis,  R.  Br.— George  Darwin  observed  the 
flowers  visited  by  twenty-seven  species  of  small  insects,  of  which 
the  largest  were  one-twentieth  of  an  inch  long.  They  consisted 
of  Hymenoptera  (especially  Tetrastichus  diaphanthus  and 
Ptrromalini),  Diptera,  and  Coleoptera  (e.g.  Malthodes  brevicollis). 
I  have  found  the  flowers  visited  on  the  Alps  by  small  Braconidse 
and  Pteromalidse  (609). 

Platanthera.—l  have  elsewhere  (565)  proved  at  very  consider- 
able length  that  the  varieties  distinguished  as  P.  bifolia  and 
P.  chlorantha  by  German  botanists  are  connected  with  one  another 
by  numerous  intermediate  forms ;  but  that  the  plant  referred  to 
by  Darwin  as  P.  bifolia  corresponds  to  P.  solstitialis,  Bonnin^h 
and  is  a  well-defined  species.    The  spur  of  P.  solstitialis  is  from 
12  to  21  mm.  long,  that  of  P.  chlorantha  from  23  to  43  mm  •  in 
both  species  the  spur  is  too  narrow  to  admit  a  bee's  proboscis 
Ihe  honey  is  therefore  accessible  only  to  Lepidoptera,  and  in  the 
extreme  forms  of  P.  chlorantha  only  to  Sphingidc.    The  colour 
of  the  flowers  suggests  that  they  are  adapted  for  nocturnal  and 
crepuscular  insects.    Darwin  caught  a  specimen  of  JIadcna  dcntina 
to  one  of  whose  eyes  a  sticky  disk  of  P.  chloran'ha  was  attached 
and  a  Phsm  with  one  attached  to  the  margin  of  its  eye  The 
sticky  disks  stand  much  closer  together  in  P.  solstitialis,  and 

1  This  able  and  brilliant  naturalist  died  at  an  early  age. 
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become  attached  to  the  base  of  the  proboscis,  as  Darwin  observed 
in  the  case  of  Agrotis  scgetum  and  Anaitis  plagiata} 

Professor  Asa  Gray  has  published  most  interesting  observations 
on  the  structure  and  mode  of  fertilisation  of  certain  American 
species  of  Platanthera  (273,  274,  277). 

Himantoglossum  hircinum,  Rich. — Hildebrand  saw  this  species 
visited  by  a  bee  (361). 

Gymnadenia  conopsea,  R.  Br. — The  spur  is  so  narrow  that  the 
honey  is  only  accessible  to  Lepidoptera.  George  Darwin  observed 
the  flower  to  be  visited  by  nocturnal  Lepidoptera  (Plusia  chrysitis, 
P.  gamma,  Anaitis  plagiata,  Triphana  pronuba).  On  the  Alps, 
I  have  seen  this  species  visited  by  twenty-seven  different  species 
of  Lepidoptera,  mostly  butterflies  (609,  fig.  13). 

Gymnadenia  odoratissima,  Rich.,  has  a  much  shorter  spur 
(4  or  5  mm.,  against  13  or  14  mm.  in  G.  conopsea),  paler  colour, 
and  stronger  and  more  aromatic  perfume.  I  have  only  found  it 
visited  by  three  species  of  nocturnal  Lepidoptera  (609,  fig.  13). 

JSHgritclla  angnslijolia,  Rich. — The  ovary  is  not  twisted,  and  the 
position  of  the  parts  of  the  flower  is,  therefore,  the  reverse  of  that 
in  Gymuadenia.  Its  strong  odour  of  vanilla  attracts,  very  numerous 
Lepidoptera  (I  observed  forty-eight  species),  to  the  under  side  of 
whose  proboscis  the  pollinia  get  cemented  (609,  fig.  15). 

Nigritella  suaveolens,  Koch.,  seems  to  be  a  hybrid  between  JSr. 
angustifolia,  and  Gymnadenia  odoratissima ;  but  as  G.  odoratissima 
cements  its  pollinia  to  the  upper  side  of  the  insect's  proboscis,  and 
N.  angustifolia  to  the  lower,  it  is  difficult  to  see  how  this  hybrid 
can  be  produced,  except  from  flowers  of  the  species  which  are  already 
abnormally  inclined.  Such  abnormally  placed  flowers,  are,  however, 
to  be  met  with  now  and  then  in  both  species,  (609,  fig.  16). 

Anacamptis  pyramidalis,  Rich. — The  flower  agrees  in  most 
points  with  the  species  of  Orchis  to  be  described  immediateby,  and 
like  them  secretes  no  free  honey.  The  spur  is  very  narrow,  only 
admitting  the  tongues  of  Lepidoptera,  and  the  mode  of  attachment 
of  the  pollinia  by  means  of  a  saddle-shaped  band  instead  of  two 
round  disks  is  also  specially  fitted  for  the  proboscis  of  Lejtidoptera. 
Darwin  observed  twenty-three  different  species  of  butterflies  and 
moths  carrying  pollinia  of  A.  pyramidalis  on  their  tongues. 

Ophrys  muscifcra,  Huds. — This  species  seems  to  be  adapted 
for  carrion-loving  Diptera.  The  flies  are  probably  attracted  by 
the  dark  purple  under  lip,  which  bears  a  pale  blue  smooth  spot, 

1  I  have  given  an  account  of  the  flower  of  Platanthera.  bifolia,  Rich.,  with  figures, 
in  No.  589  and  No.  609. 
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and  under  favourable  conditions  is  covered  with  a  number  of 
minute  drops.  A  Sareophaga  which  I  saw  seated  on  the  under 
lip,  licking  these  drops,  flew  away  on  my  approach.  But  it  had 
its  head  pointing  towards  the  base  of  the  lip,  and  if  I  had  not 
disturbed  it,  it  would  probably  not  have  failed  to  lick  also  the  two 
black  shining  bodies  at  the  base  of  the  lip ;  in  doing  so  it  would 
have  touched  the  rostellum  and  caused  a  pollinium  to  be  cemented 
to  its  head.  The  two  bodies  at  the  base  of  the  under  lip  look  like 
drops  of  fluid,  though  in  reality  they  are  quite  dry.  They  may 
be  called  pseudo-nectaries,  and  probably  deceive  the  insect- visitors 
(5S9,  590,  1.). 

382-3S5.  Orchis  mascltla,  0.  morio,  0,  latpfolia,  and  0. 
MACULATA. — In  all  these  Orchids  the  three  sepals  and  the  two 
superior  petals  arch  over  the  essential  organs  of  the  flower,  Avhile 
the  inferior  petal  or  labeilum  forms  a  convenient  alighting-place 
for  insect-visitors.    The  labeilum  is  prolonged  backwards  into  a 
hollow  spur,  which  secretes  no  free  honey,  but  whose  walls  are 
composed  of  very  delicate  and  succulent  tissue.    Immediately  above 
the  entrance  to  this  spur  stands  the  trilobed  stigma,  whose  two 
inferior  lobes  form  the  true  stigmatic  surfaces,  while  the  third 
superior  lobe  forms  the  rostellum.    This  organ,  the  bursicula  of 
German  authors,  consists  of  a  little  pouch  full  of  viscid  matter, 
which  projects  into  the  mouth  of  the  spur.     The  two  lateral 
anthers  are  just  visible  as  useless  rudiments  (staminodes) ;  the 
third,  and  only  perfect  one,  stands  immediately  above  the  rostellum. 
Its  two  loculi  are  separated  by  a  broad  connective,  and  are  split 
anteriorly  for  their  whole  length  by  a  longitudinal  slit.    The  two 
pollinia  lie  within  the  loculi,  quite  unattached  except  at  the  ends 
of  their  caudicles,  which  adhere  to  the  upper  surface  of  the  ros- 
tellum.   When  an  insect  thrusts  its  head  into  the  spur,  it  inevit- 
ably comes  in  contact  with  the  rostellum  ;  the  membrane  covering 
the  latter  instantly  splits  into  an  inferior  portion,  which  curls 
backwards,  and  two  small  round  disks,  connected  with  the  caudicles 
and  coated  abundantly  with  viscid  matter  on  their  lower  surfaces ; 
these  attach  themselves  to  the  insect's  head.    The  cement  of  the 
sticky  disks  quickly  hardens,  and  when,  after  a  short  time  the 
insect  withdraws  its  head,  it  takes  with  it  the  disks  and  the  pollinia 
attached  to  them  by  their  caudicles.    At  first  the  pollinia  stand 
almost  perpendicular  to  the  disks,  but  soon,  as  the  disks  dry,  the 
pollinia  bend  gradually  forwards  through  an  angle  of  nearly  90° 
and  so  come  into  such  a  position  that  in  subsequently-visited 
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flowers,  they  are  applied  directly  to  the  stigma.  Each  pollinium 
consists  of  a  great  number  of  packets  of  coherent  pollen- grains ; 
the  packets  are  bound  together  by  delicate  elastic  filaments  to 
form  an  oval  pollen-mass.  When  this  is  pressed  against  the  very 
adhesive  stigma  and  again  withdrawn,  all  the  packets  that  have 
come  in  immediate  contact  with  the  stigmatic  surface  remain  ad- 
hering to  it,  for  the  elastic  filaments  break  before  the  attachment 
of  the  packets  to  the  stigma  gives  way.  By  this  means,  an  insect 
flying  from  flower  to  flower  effects  cross-fertilisation  regularly. 

This  view  of  the  flower  of  Orchis  was  propounded  by  Darwin 
before  he  or  any  one  else  had  succeeded  in  observing  insects  en- 
gaged in  the  work.  Every  detail  in  the  structure  of  the  flower 
seemed  to  be  satisfactorily  explained,  but  the  absence  of  honey  in 
the  spur  remained  without  explanation.  Sprengel,  who  supposed 
that  the  pollinia  were  applied  by  insects  to  the  stigma  of  the  same 
flower  (702,  p.  401),  suggested  that  the  insect-visitor  came  in 
search  of  honey,  and  on  finding  none,  passed  on  to  some  other 
kind  of  flower.  But  it  was  essential  for  Darwin's  theory  that 
each  insect-visitor  should  visit  a  number  of  the  flowers  in  succes- 
sion ;  and  Darwin  suggested  that  possibly  the  insects  pierced  the 
delicate  tissue  of  the  spur  and  sucked  the  included  fluid.  My  own 
direct  observations  have  confirmed  this  view,  as  well  as  every 
detail  of  the  rest  of  Darwin's  account.  The  following  description 
of  the  action  of  insects  on  Orchis  was  published  many  years  ago 

(5'65):- 

On  May  6,  1869,  I  and  my  son  Hermann  at  length  succeeded  in 
observing  humble-bees  fertilising  the  flowers  of  Orchis  upon 
Stromberg  Hill.  As  we  lay  upon  the  turf,  which  was  overgrown 
with  Orchis  mascula,  we  saw  a  humble-bee  (apparently  Bombus 
terrestris)  alight,  close  beside  us,  on  the  base  of  a  spike  of  that 
plant.  It  thrust  its  head  into  a  flower,  and  drew  it  out  after  about 
four  seconds  with  the  two  pollinia  attached  to  it.  It  repeated  the 
same  operation  on  two  more  flowers.  After  withdrawing  its  head 
from  the  third,  it  paused,  and  tried  without  success  to  free  itself 
from  the  pollinia,  which  were  cemented  firmly  to  the  front  of  its 
head.  Climbing  a  little  further  up  the  spike  it  thrust  its  head 
into  a  fourth  flower.  At  that  moment  I  tried  to  catch  it  in  my 
net,  but  it  escaped  and  flew  away.  We  next  saw  a  Bomhus 
hortorum  suck  three  or  four  flowers  on  a  spike  of  Orchis 
mascula  (beginning  at  the  base  of  the  spike),  and  then  proceed 
to  another  spike,  near  by.  We  examined  this  latter  spike,  and 
found  several  of  its  stigmas  smeared  with  pollen  and  the  loculi  of 
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the  anthers  empty.  In  the  space  of  two  hours  we  had  three  more 
opportunities  of  watching  the  fertilisation  of  Orchis  mascula  ;  the 
fertilising  agent  on  two  of  these  occasions  was  Bombus  lapidarius, 
on  the  third,  Psithyrus  campestris.  B.  lapidarius  spent  a  shorter 
time  on  each  flower  (about  two  to  three  seconds),  but  otherwise  the 
various  bees  behaved  precisely  alike.  We  caught  the  Psithyrus 
and  a  B.  lapidarius,  and  found  a  number  of  pollinia  on  the  head  of 
each.  Some  of  the  pollinia  had  already  bent  forwards,  so  that 
they  were  ready  to  come  in  contact  with  the  stigma  of  the  next 
flower;  others  were  still  erect.  Of  ninety-seven  humble-bees 
which  we  caught  that  day  on  Stromberg  Hill,  thirty-two  bore 
pollen-masses  of  Orchis.  We  frequently  observed  on  our  captured 
bees,  that  when  the  pollen-masses  bent  forwards  the  bee  was  able 
to  tear  them  off  with  its  mandibles.  Some  bees  which  we  caught 
with  pollinia  on  their  heads  had  them  attached  to  their  forelegs 
when  examined  shortly  afterwards.  These  frequently  successful 
efforts  on  the  part  of  the  bees  to  free  themselves  from  the  pol- 
linia explain  why  we  often  find  whole  pollinia  or  pairs  of  pollinia 
attached  to  the  flowers,  generally  in  the  neighbourhood  of  the 
stigma. 

On  this  one  day,  which  was  especially  favourable,  as  it  was  warm 
and  calm,  and  came  after  a  long  spell  of  cold  weather,  probably 
more  than  a  third  of  all  the  humble-bees  on  Stromberg  Hill  had 
been  engaged  in  fertilising  Orchids.  The  following  numbers  give 
a  rough  idea  of  the  scale  on  which  the  work  was  performed.  At 
seven  o'clock  on  the  morning  of  the  same  day  I  gathered  ten 
specimens  of  Orchis  morio  on  a  meadow  covered  with  the  plant. 
These  ten  spikes  contained  107  expanded  flowers ;  of  these,  one  only 
had  its  anther-loculi  empty  and  its  stigma  smeared  with  pollen  ■ 
two  had  their  stigmas  smeared  with  pollen,  but  their  pollinia  had 
not  been  removed.  At  five  o'clock  in  the  afternoon  I  gathered  in 
the  same  place  ten  spikes  containing  ninety-seven  flowers ;  fourteen 
had  their  stigmas  smeared  with  pollen,  and  of  these  two  only  had 
their  pollinia  still  within  the  anther-loculi;  three  other  flowers 
had  their  pollinia  removed,  but  their  stigmas  showed  no  trace 
of  pollen.  Thus  at  seven  o'clock  in  the  morning  2-5  per  cent., 
and  at  five  o  clock  m  the  afternoon  over  14  per  cent,  of  the  flowers 
had  been  fertilised. 

I  need  hardly  add  that  this  observation  fully  confirmed  Darwin's 
suggestion  The  bees  must  have  found  something  within  the 
spurs,  or  they  would  not  have  continued  to  visit  the  flowers.  Since 
the  spur  contains  no  free  honey,  but  abundant  fluid  within  its 
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wall,  it  is  certain  that  the  bees  pierced  the  delicate  inner  membrane 
and  sucked  the  included  fluid.  They  doubtless  pierced  the  tissue 
quickly  and  easily  with  the  points  of  their  maxillas. 

My  direct  observations  have  shown  that  the  three  or  four 
seconds  spent  by  the  bee  on  each  flower  is  enough  to  permit 
the  cement  to  harden  and  attach  the  pollinia  firmly  to  the  bee's 
head ;  and  by  thrusting  a  pencil  into  the  spur  of  0.  mascula  we  can 
see  that  two  to  three  seconds  is  enough  to  fasten  the  pollinia 
firmly.  The  bee  always  thrusts  its  proboscis  once  only  into  each 
flower,  and  accordingly  each  flower  receives  pollen  from  another. 
In  0.  mascula,  the  bending  forwards  of  the  pollinium  occupies 
about  forty  seconds ;  it  is  rarely  completed  in  twenty-five  seconds. 
A  bee  which  visits  three  or  four  flowers  on  a  spike,  spends  three 
to  four  seconds  upon  each,  and  about  two  seconds  in  passing  from 
from  one  flower  to  another  ;  so  that  at  most  it  spends  about  twenty 
to  twenty-two  seconds  on  each  spike.  It  has  therefore  passed  to 
another  spike  before  any  of  the  pollinia  belonging  to  the  first  have 
finished  bending  downwards.  It  seems  therefore  that  not  only 
is  cross-fertilisation  of  separate  flowers  ensured,  but  even  of 
separate  plants. 

I  repeated  these  observations  many  times  subsequently.  I 
was  wrong  at  first  in  supposing  that  the  bee  only  pierced  the 
tissue  of  the  spur  once,  and  I  neglected  to  look  for  the  punctures 
that  the  bee  made.  On  June  13th,  1870,  a  hive-bee  flew  before 
my  eyes  into  a  flower  of  0.  lati folia :  it  pierced  the  inner  wall  of 
the  spur  several  times  with  the  points  of  its  maxillee,  and  then  flew 
away,  bearing  the  two  pollinia  on  its  head,  to  a  flower  of  Lychnis 
flos-cuculi.  I  gathered  the  flower  immediately  after  the  bee  left 
it,  and  found  the  punctures  visible  from  the  outside  as  small, 
bright,  elongated  specks.  Darwin  observed  Empis  livida  piercing 
the  inner  wall  of  the  spur  of  0.  maculata,  and  also  found  the 
punctures  that  it  made.  The  question  as  to  what  insects  seek 
in  the  flowers  is  now  finally  settled,  and  Delpino's  doubts  (567, 
p.  16)  concerning  the  accuracy  of  Darwin's  views  are  shown  to  be 
unfounded. 

382.  Ohchis  mascula,  L. : — 

Visitors:  Hymenoptera— AjpidcB :  (1)  Bonibns  liortormn,  L. ;  (2)  B.  lapi- 
darius,  L. ;  (3)  B.  confusus,  Schenck. ;  (4)  B.  terrestris,  L. ;  (5)  B.  agrorum, 
F.  ;  (6)  B.  pratorum,  L. ;  (7)  B.  (Psithyrus)  campestris,  Pz.  ;  (8)  B.  muscorum 
L.I  Nos.  1—7,  observed  by  me,  No.  8  by  a  friend  of  Darwin's  (Ann.  and  .!/.»/. 
of  Nat.  II 14.  Sept.  1869). 
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383.  Orchis  morio,  L. : — 

Visitors  :  Hymenoptera— Apidce :  (1)  Apis  mellifica,  L.  §  ;  (2)  Bombus 
muscorum,  L.  ;  (3)  B.  lapidarius,  L.  ;  (4)  B.  confusus,  Schenck  j  (5)  B.  pra- 
torum,  L.  ;  (6)  B.  hortorum,  L.  ;  (7)  B.  silvarum,  L.  ;  (8)  Eucera  loDgicornis, 
L.  ;  (9)  Osmia  rufa,  L.  Nos.  1,  2,  8  from  Darwin  j  Nos.  1,  3—7,  9  observed 
by  me. 

384.  Orchis  latifolia,  L. : — 

Visitors  :  Hymenoptera— Apidce  :  (1)  Apis  mellifica,  L.  $ ;  (2)  Bombus 
senilis,  Sm.  ;  (3)  B.  fragrans,  Pall.  (K.)  ■  (4)  B.  confusus,  Scbenck  ;  (5)  B. 
hortorum,  L.  ;  (6)  B.  lapidarius,  L.  ;  (7)  B.  terrestris,  L. ;  (8)  B.  muscorum, 
L.  ;  (9)  Eucera  longicomis,  L.  (10)  Halictus  leucozonius,  K.  ?;  (11)  No- 
mada  sexfasciata,  Pz.  $;  (12)  Osmia  fusca,  Chr.  (=  bicolor,  Schr.)  ?,  all 
from  my  own  observations.  According  to  Darwin,  0.  latifoHa  is  also  visited 
by  Diptera.    I  have  found  it  visited  by  humble-bees  on  the  Alps  (609). 

385.  O.  maculata,  L.,  seems  to  be  visited  chiefly  by  Diptera. 

Visitors  :  A.  Hymenoptera-^^    (1)  Bombus  pratorum,  L.  0  (once) 

\  Bl^T~n(a)  E?Tdm:  (2)  Empis  livkla'  L-->  ®  E-  Pennipes,  both 
oberved  by  George  Darwin,  the  former  abundantly,  the  latter  more  rarely  — 
m  thrusting  their  tongues  into  the  flower  they  cemented  the  pollinia  to  their 
eyes.  (b)  Syrphidce:  (4)  Volucella  bombylans,  L,  very  ab  •  (5)  Zl^Z 
horticola,  Mgm  (Shi.)  freq.  ;  both  got  the  p'ollil  attached  t  k 
then  heads.    Nos.  1,  4,  5  were  observed  by  me.  1 

Orchis  maculata  is  visited  by  Ceramlycidce  (Darwin  16O 
and  also  by  humble-bees  (509).  x  'J* 

Orchis  ustulata,  L.  and  0.  globosa,  L.  are  adapted  for  Lepidoptera 
by  the  very  narrow  entrances  to  their  spurs;  the  latter  species  I 
found  to  be  ™ted  abundantly  and  exclusively  by  LepWoptera 
upon  the  Alps  (609).  *    y  ^P100?^ 

Orchis  tridentata,  Scop,  is  visited  by  humble-bees  (590,  1.). 

Tribe  Cypripedince. 

.386  Cypripedium  Calceolus,  L.-The  observations  of  Darwin 
(153  A.),  Asa  Gray  (276),  and  Delpino  (172  178  <67)  nil  rpfJ 
other  and  in  some  cases  very  different  spedes  oS^t 
own  observations  on  0.  Calceolus  were  wibliqW  ™  7 

I  have  observed  five  speeres  of  Andrem  fertilising  the  flower  - 

 vastt»«Kast& 
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floor,  which  are  sometimes  covered  with  small  drops  of  honey. 
They  try  for  some  time  to  escape  by  climbing  up  the  vaulted  sides 
of  their  prison  towards  the  orifice  that  they  entered  by ;  at  last 
after  creeping  beneath  the  stigma  (st,  2,  Fig.  180),  they  manage 
with  a  great  effort  to  escape  by  one  of  two  small  lateral  openings 
(ex,  2)  at  the  base  of  the  lip ;  in  doing  so  they  smear  one  shoulder 
with  a  sticky  pollen  from  the  anther  immediately  above.    In  the 


next  flower,  the  bee,  as  it  creeps  under  the  stigma,  leaves  some  pollen 
on  its  papilla?,  which  are  long  and  point  obliquely  forwards ;  then, 
squeezing  itself  again  through  one  of  the  small  orifices,  it  acquires 
another  load  of  pollen :  cross-fertilisation  is  thus  effected  regularly. 
The  third  anther  (a')  is  metamorphosed  into  a  broad,  purple-spotted 
lobe,  which  stands  in  the  posterior  half  of  the  cavity  of  the  lip  and 
leaves  only  the  small  lateral  orifices  described  above.  The  hairs, 
which  are  arranged  in  a  broad  band  on  the  floor  of  the  labeUum, 
seem  to  help  the  Andrence  to  climb  up  towards  the  orifices,  besides 
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attaching  them  by  their  secretion.  Smaller  bees  and  flies  which 
are  too  large  to  pass  freely  through  the  orifice  and  too  weak  to 
force  their  sides  apart,  must  as  a  rule  perish  of  hunger  within  the 
labellum.  I  have  repeatedly  found  Andrena  parvula,  K.  9 ,  dead 
within  the  labellum,  and  also  the  following  flies  :  Empis  punctata, 
F.,  a  Gheilosia  (Syrphidcd),  an  Anthomyia  (Muscidm),  and  considerable 
numbers  of  Spilogastcr  semicinera,  Wied.  {Muscidai).  Small 
beetles  (Meligethes)  are  often  able  to  creep  freely  out  of  the 
labellum,  but  sometimes  they  are  held  fast  by  the  sticky  pollen  and 
remain  to  perish. 

Gypripcdium  barbatum  is  believed  by  Delpino  to  be  fertilised  by 
flies.  Delpino  found  flies  within  the  labellum  of  some  cultivated 
plants,  which  afterwards  set  seed  (178,  567). 

Gypripedium  caudatwn  is  believed  by  Delpino  to  be  fertilised  by 
snails  (178). 


THE  ADAPTIVE  MODIFICATIONS  OE  ALPINE  OKCHIDS  COMPARED 
WITH  THOSE  OF  THE  LOWLANDS. 

A  review  of  the  Orchids  that  I  have  observed  upon  the  Alps 
shows  that,  above  the  limit  of  trees,  almost  the  only  species  which 
occur  are  those  adapted  for  Lepidoptera,  while  in  the  lower  regions 
forms  adapted  for  all  kinds  of  visitors  occur.  The  following 
species  occur  in  greater  abundance  above  the  level  of  trees,  or  are 
restricted  entirely  to  that  region  :  (1)  Orchis  ustulata,  (2)  O.globosa, 
(3)  Gymnadenia  conopsea,  (4)  G.  odoratissima,  (5)  G.  albida,  (6) 
Peristylus  viridis,  (7)  Nigritella  angustifolia  (N.  maveolens,  as  being 
probably  a  hybrid,  cannot  be  included),  (8)  Platanthera  solstitialis, 
(9)  Chamceorchis  alpina.  Of  these,  six  (1,  2,  3,  4,  7,  8)  are  un- 
doubtedly, and  two  (5,  6)  (from  the  narrow  entrance  to  the  spur) 
m  all  probability,  are  fertilised  by  Lepidoptera,  While  we  thus 
find  that  of  the  loftier  Alpine  Orchids  at  least  two-thirds  but 
probably  eight-ninths,  are  adapted  for  Lepidoptera,  in  Westphalia 
we  find  that,  of  thirty-five  species/  at  most  six*  are  adapted  for 
Lepidoptera,  and  most  of  these  are  very  sparingly  visited  bv 
them  (609).  J 

^«£^&1S^^'5SWss?a2K*,'  te»'  ■ 


542  THE  FERTILISATION  OF  FLOWERS.       [pabt  in. 

Ord.  SO  IT  A  M I NE.  K. 
Tribe  Zingiberece. 

Hedychmm  and  Alpinia  are  adapted  for  cross-fertilisation  by 
insects.  The  visitors  must  come  in  contact  first  with  the  stigma 
and  afterwards  with  the  anthers  (172,  352).  Delpino  conjectured 
that  Hedychium  must  be  fertilised  by  Lepidoptera,  and  long  after- 
wards found  scales  of  Lepidoptera  on  the  stigma  of  the  plant 
(177).  Fritz  Miiller  has  shown  that  the  flowers  of  Hedychium 
are  arranged  so  that  the  pollen  may  be  transported  by  the  wings 
of  long-tongued  butterflies. 

Zingiber  officinarum. — Cross-fertilisation  is  ensured  in  case  of 
insect-visits  by  the  prominent  position  of  the  stigma  (351). 

The  cultivated  plant  in  South  Brazil  is  only  reproduced  by 
vegetative  means,  and  is  quite  barren,  though  pollen,  stigma,  and 
ovule  seem  to  reach  normal  development.  This  sterility  is 
perhaps  due  to  the  plants  being  all  portions  of  one  original 
stock  (359). 

Tribe  Marantece. 

Galathea  (Maranta)  zebrina,  Meyer,  and  C.  discolor,  Lindl., 
have,  according  to  Hildebrand,  an  explosive  arrangement,  com- 
parable to  that  of  several  Papilionacese.  A  hood-shaped  petal,  on 
the  under  side  of  the  almost  horizontal  flower,  surrounds  the  style, 
which  carries  at  its  extremity  the  funnel-shaped  stigma,  and  above 
the  stigma  the  pollen  which  is  shed  upon  it  in  the  bud.  The 
weight  of  an  insect-visitor  alighting  on  the  petal  itself  or  on  a 
hooked  process  of  it,  sets  the  style  free.  The  style  then  curves 
backwards  and  inwards,  so  that  the  ventral  surface  of  the  insect 
is  first  swept  by  the  stigma  and  then  dusted  with  fresh  pollen. 
The  style  in  curving  backwards  closes  the  path  to  the  honey, 
so  that  each  flower  is  only  visited  once  (360,  p.  617).  Delpino 
investigated  Maranta  bicolor  and  M.  cannaifolia,  and  found  their 
flower  almost  identical  in  structure  with  the  species  described  by 
Hildebrand.  He,  however,  found  that  part  of  the  style  between 
the  stigma  and  the  pollen  secretes  a  sticky  fluid,  which  is  applied 
to  the  insect's  proboscis  and  causes  the  pollen  to  adhere. 

Thalia  dcalbata,  Fras.,  has  similar  flowers,  which  are  visited 
and  fertilised  abundantly  at  Florence  by  the  hive-bee. 

Delpino  has  tried,  by  comparing  the  flowers  of  Marantacetit 
with  those  of  Musacecn,  Zingibcracece,  Cannaccce,  Orchidcm  and 
Graminece,  to  trace  out  the  genetic  relations  of  these  orders  (175). 
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Maranta  arunclinacca,  L.,  is  sterile  in  South  Brazil,  where  it  is 
only  propagated  asexually.  The  flowers  have  ceased  to  produce 
pollen,  but  retain  the  elastic  style  (359). 


Tribe  Cannece. 

Ganna. — At  an  early  period  the  anthers  shed  all  their  pollen 
upon  the  expanded  style,  from  which  it  is  removed  by  insects  and 
conveyed  to  other  flowers  (Delpino,  172).  According  to  Hilde- 
brand,  spontaneous  self-fertilisation  very  often  takes  place,  and 
leads  to  the  production  of  good  fruit  (351,  352). 


Tribe  Musece. 

Strelitzia  regime,  Ait. — The  two  inner  and  inferior  perianth- 
segments,  which  inclose  the  five  anthers,  separate  when  a  visitor 
presses  upon  them  in  trying  to  enter  the  flower;  the  anthers  then 
emerge  and  come  in  contact  with  the  under  surface  of  the  visitor. 
The  stigma  is  exserted,  and  is  accordingly  always  touched  before 
the  anthers.  Delpino  supposed,  and  Darwin  showed  by  direct 
observation,  that  the  fertilisers  are  honey-sucking  birds  (356,  p. 
508  ;  360,  p.  673  ;  178,  p.  232  ;  567,  p.  4).  At  the  Cape  of  Good 
Hope,  it  is  fertilised  by  Nectarinidae  (164,  p.  371). 

Mum.— The  Bananas  which  are  cultivated  in  South  Brazil  and 
propagated  only  by  asexual  means,  are  barren;  their  anthers 
produce  very  little  pollen  and  wither  without  dehiscing  (359 
p.  275).  The  flowers  of  Musa  attract  insects  by  an  abundant 
secretion  of  sweetish  jelly.  Trigona  rufiorus,  Latr.,  is  attracted  in 
swarms  (590,  I.  p.  14). 


Obd.  IBIDEM. 


387.  Iris  Pseud-acorus,  L.-The  honey  is  secreted  by  the 
lower  portion  of  the  perianth  (d  cl'  1,  Fig.  181),  and  is  collected  in 
the  space  (b)  between  it  and  the  pistil  (a).  Access  to  it  is  only 
possible  at  three  points,  between  the  lower  portion  of  each  outer 
lobe  of  the  perianth  and  that  of  the  petaloid  style  above  it  The 
filament,  adhering  as  a  longitudinal  ridge  to  this  portion  of  each 
perianth-segment,  divides  the  passage  to  the  honey  into  two  separate 
openings  (6  b) ;  thus  altogether  six  somewhat  narrow  passages  two 
at  the  base  of  each  stigmatic  lobe,  bounded  laterally  by  the  pro- 
jections from  the  outer  perianth-segments,  form  the  only  approaches 
to  the  honey.    An  insect  must  have  a  proboscis  at  least  7  mm 
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in  length  to  be  able  to  reach  the  honey  through  these  passages, 
and  one  of  at  least  double  that  length  to  drain  one  of  these  spaces 
of  its  honey.  Each  foliar  division  of  the  style  bears  on  its  under 
surface  near  its  apex  a  scale-like  process,  whose  upper  surface  is 
the  true  stigma.  Hence  insects  touch  the  stigma  with  their  backs 
only  when  creeping  in  under  the  petaloid  style ;  for  as  they  creep 
out  again  they  push  the  papillar  surface  upwards.  Close  under 
the  petaloid  styles  lie  the  three  anthers,  whose  pollen-covered 
surfaces  are  directed  downwards.  Self-fertilisation  is  thus  rendered 
impossible. 


Fig.  181. — It  in  l'scud-acoriis,  L. 

1.  — Transverse  section  through  the  tubular  part  of  the  perianth. 

2.  — Transverse  section  through  the.  perianth,  at  the  point  where  its  six  segments  become  free. 

3.  — Transverse  section  somewhat  higher  than  2,  to  show  the  relation  of  the  three  pairs  of  nectaries 
to  the  divisions  of  the  style  and  the  outer  segments  of  the  perianth. 

a,  style  ;  a'  a'  a',  the  three  foliaceons  divisions  of  the  style  ;  b,  honey  receptacle  ;ces,  lower  part 
of  filaments,  adherent  to  the  outer  segments  of  the  perianth,  d  d  d ;  d' d' d',  inner  segments  of  the 
perianth  ;  e  e,  the  two  ridges  on  each  outer  segment  of  the  perianth,  which,  together  with  the  bases  of 
the  filaments,  bound  the  entrance  to  the  nectary. 


Sprengel,1  has  given  a  very  full  account,  with  figures,  of  the 
flowers  of  Iris  Pseudacortts  and  I.  Xiphium.  His  observations  of 
insect-visitors  were,  however,  not  nearly  sufficient,  and  his 
conception  of  the  mode  of  fertilisation  must  be  modified. 

In  Sprengel's  opinion,  both  species  of  Iris  are  fertilised  exclusively 
by  humble-bees.  A  bee  alights  on  one  of  the  large  outer  segments  of 
the  perianth,  toward  the  base  of  which  it  pushes  its  way  under  the 
over-hanging  petaloid  style,  until  it  reaches  the  entrances  to  the  tw  o 
nectaries.  After  it  has  sucked  the  honey  it  crawls  backwards  to  its 
starting-point,  and  then  flies  to  the  second  outer  perianth-segment, 
where  it  performs  the  same  operation ;  thence  to  the  third,  thence  to 
another  flower,  and  so  on.  On  entering  the  flower,  the  back  of 
the  bee  rubs  the  upper  surface  of  the  scale  projecting  from  the 


1  Sprongal,  No.  702,  pp.  69-7S,  Plutq  II. 
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petaloid  style,  which  is  the  functional  stigma  ;  a  little  further  on 
it  rubs  against  the  pollen-covered  surface  of  the  anther,  which  lies 
close  to  the  petaloid  style.    In  this  way,  Sprengel  declared  that 
two  stigmas  in  each  flower  were  regularly  fertilised  by  means  of 
pollen  from  the  previously-visited  anthers  of  the  same  flower,  and 
that  the  stigma  first  visited  in  each  flower  was  always  cross- 
fertilised  by  means  of  pollen  from  the  preceding  flower  :  thus  self- 
fertilisation  took  place  twice  as  frequently  as  cross-fertilisation. 
Though  Spreugel  was  not  aware  of  the  advantage  of  cross-fertilisa- 
tion, he  was  repeatedly  led  by  his  observations  to  the  conclusion 
"that  nature  is  unwilling  that  any  hermaphrodite  flower  be 
fertilised  by  means  of  its  own  pollen."    In  order  to  adhere  to  this 
theory  in  the  case  of  Iris,  which  he  abandoned  again  and  again  in 
other  cases,  Sprengel  chose  to  look  upon  each  third  of  the  flower 
in  Iris  as  a  separate  hermaphrodite   flower,  which  thus  was 
regularly  cross-fertilised. 

My  frequent  observations  of  insect-visits  differ  materially  from 
Sprengel's  view  of  the  case.  It  is  true  that  humble-bees  visit 
the  flower  of  Iris  pseudacoms,  but  they,  as  a  rule,  act  in  a  way 
very  different  from  that  which  Sprengel  described;  and  a  very 
much  more  frequent  visitor  is,  in  my  experience,  the  long-tongued 
hover-fly,  Rhingia  rostrata. 

In  many  flowers  of  Iris  pseudacorus  the  petaloid  styles  stand 
6  to  10  mm.  above  the  corresponding  outer  perianth-segments.  In 
others  each  petaloid  style  lies  so  close  to  the  perianth-segments 
that  only  a  very  small  passage  is  left,  which,  owing  to  the  con- 
vexity of  the  style,  lies  immediately  below  the  stigma.  These  two 
forms  of  flowers  have  adapted  themselves  to  different  fertilising 
agents.  ° 

In  flowers  of  the  first  variety  the  fly  (Rhingia)  crawls  aW 
the  outer  perianth -segment  to  the  nectaries  without  touching 
either  stigma  or  anther;  it  inserts  its  proboscis  (11  mm  lone) 
into  one  nectary  after  the  other,  and  then  moves  a  few  steps 
backwards  to  feed  on  the  pollen.    When  under  the  anther  it 
raises  its  head,  stretches  out  its  tongue,  and  so  reaches  the  pollen 
inen  it  flies  to  another  perianth-segment  of  the  same  flower  or  to 
another  flower.    Its  visits  to  this  variety  are  thus  not  only  useless 
but  hurtful,  leading  to  waste  of  pollen. 

nJ^r^wi!16  °ther  f°rm  tMs  ^CreePS  thr™Sh  BmaU 
passage  beneath  the  true  stigma,  and  touches  with  its  back  first  the 

stigma  and  then  the  anther  before  reaching  the  nectaries.  After 
sucking,  it  creeps  backwards  without  staying  to  eat  pollen,  until  it 
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has  passed  from  beneath  the  petaloid  style,  when  it  flies  away  to 
another  flower  or  another  perianth-segment  of  tbe  same.    If  the  fly 
be  caught  as  it  is  creeping  backwards  from  the  nectary,  many  pollen- 
grains  may  always  be  found  among  the  hairs  on  its  back  ;  some  of 
these  are  without  fail  applied  to  the  stigmatic  surface  next  visited. 
Thus  the  flowers  in  which  the  petaloid-styles  stand  close  to  the  peri- 
anth-segments are  better  adapted  for  fertilisation  by  Mfomgia  in  two 
respects  than  the  flowers  of  the  other  form  :  (1)  the  fly  is  compelled 
to  carry  pollen  to  the  stigmatic  surface,  often  to  that  of  another 
flower,  and  (2)  it  is  hindered  from  eating  pollen;  whereas,  in 
the  flowers  of  the  other  form,  Rhingia  passes  in  and  out  without 
accomplishing  fertilisation,  and  moreover  uses  up  pollen  as  well 
as  honey. 

In  relation  to  bees'  visits  the  conditions  are  exactly  reversed. 
When  the  petaloid  style  lies  close  upon  the  outer  perianth- 
segment,  the  opening,  which  is  sufficient  for  Rhingia,  is  much 
too  small  to  admit  a  humble-bee.  On  May  25th,  1868, 1  watched 
a  large  parasitic  humble-bee  (Psithynts  vestalis,  Fourc.  ?,  25  mm. 
long,  and  10  mm.  broad)  creeping  in  various  directions  over  the 
flowers ;  finally,  placing  its  head  above  the  base  of  the  free  part  of 
an  outer  perianth-segment,  it  inserted  its  tongue  sideways  into  one 
of  the  nectaries,  and  so  reached  the  honey  without  touching  either 
the  stigma  or  anther. 

In  flowers  of  the  other  form,  I  have  observed  frequently  in  the 
case  of  Bombus  agrorum,  B.  hortorum,  and  B.  Rajellus,  that  humble- 
bees  alight  on  one  of  the  outer  perianth-segments,  and  creep  under 
the  petaloid  style  to  the  honey-passages,  touching  on  their  way 
both  stigma  and  anther  with  their  backs.  Instead  of  crawling 
backwards  along  the  path  they  came  by,  they  climb  sideways  on 
to  one  of  the  other  outer  perianth-segments,  and  then  crawl  up  it 
to  enter  beneath  the  stigma,  as  before.  After  completing  the 
circuit  of  the  flower  and  exhausting  all  its  honey,  the  bee  flies  to 
another,  and  so  effects  cross-fertilisation  regularly. 

Occasionally,  but  only  in  those  few  flowers  where  the  position 
of  the  petaloid  styles  was  intermediate  between  the  forms  that  I 
have  described  as  typical,  I  have  seen  humble-bees  creeping  back 
wards  from  under  cover  of  the  style,  as  Sprengel  describes  them. 

The  flowers  of  Iris  psmdacorus  thus  present  the  interesting 
peculiarity  that  although  originally,  as  their  dimensions  show.  the| 
were  adapted  simply  for  bees,  they  have  since  to  a  grea  atari 
become  adapted  for  fertilisation  by  flies  (»)  Each  of  the 
two  extreme  forms  has  its  own  advantages  and  disadvantaged 
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Those  flowers  fitted  for  fertilisation  by  bees  are  at  an  advantage 
in  that  the  bses  always  cause  cross-fertilisation  of  separate  plants; 
but  at  a  disadvantage  from  having  their  pollen  exposed  to  robbery 
by  Rhingia.    The  flowers  adapted  for  fertilisation  by  Rhingia  have 
the  disadvantage  that  self-fertilisation  is  as  frequently  or  even 
more  frequently  caused  than  cross- fertilisati on  ;  but  possess  the 
advantage  that  their  pollen  is  not  liable  to  be  wasted,  and  that 
they  receive  more  numerous  visits.   Advantages  and  disadvantages 
must  be  about  equally  balanced  in  the  two  varieties,  since  natural 
selection  has  not  enabled  either  to  outstrip  the  other.    The  rarity 
of  intermediate  forms  is  explained  by  the  fact  that  such  forms 
combine  the  disadvantages  of  both  extremes;  cross-fertilisation 
is  not  secured,  and  the  pollen  is  not  protected  from  robbery. 

Besides  the  visitors  already  mentioned  one  or  two  useless 
guests  frequent  the  flowers.    On  the  variety  in  which  the  perianth 
and  styles  stand  wide  apart,  I  once  saw  Osmia  rufa,  ? ,  en^ed  in  ' 
racking  honey.    This  bee  was  enabled,  by  the  length  of  its 
proboscis  (8  mm.),  to  enjoy  the  honey  without  touching  either 
stigma  or  anther.    I  once  saw  a  hive-bee  trying  to  obtain  honey 
It  crept  beneath  a  style  without  touching  the  stigma  or  anther 
as  far  _  as  the   honey-passages,   and    then   stretched    out  its 
proboscis  (6  mm.),  which,  however,  was  too  short  to  reach  the 
honey.    After  several  unsuccessful  attempts  the  bee  deserted  the 
plant  and  settled  on  flowers  of  Ranunculus  acris. 

Visitors  :  A.  Hymenoptera    Apidcv :  (1)  Bombus  vestalis,  Fourc  9-  (9) 
B.  agroruro.F.  5  $  ;   3)  B.  hortorum,  L.  9  0  •  (4)  B  Kaiellm  Til  o  V 
-king  ;  (5)  Osznia  rufa,  L.  9 ,  sucking  witUui  illg  S^on  ?  (6^ 

^£ W  SUCkinS  W^    R  ^V**.:  (7)  Sd^ 

_  A  species  of  Cypella,  in  S.  Brazil,  according  to  Fritz  Miiller 
increases  its  conspicuousness  very  effectually  by  not  expand  S 
*  flowers  regularly  day  by  day  but  by  concentrating  tl mm  u,  on 
certain  days  (597).  0  1 

Crocus  reruns,  All—Honey  is  secreted  by  the  ovary  and  rise, 
m  the  narrow  tube  (almost  filled  by  the  stvlel  nPJZ 
somewhat  expanded  end.    It  can  <i^^  °itt7S 

S2L^  humble-bee.*  „  Lie ca only' 

mm  the  surface.    By  the  violet  or  more  frequently  white  colour 

c PKloptera.  I  have  found  them  visited  by  Rusia  gamma  less 
often  by  7  anrssa  cardui,  and  occasionally  by  humble-bees.  AUirst 
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only  the  anthers,  which  dehisce  extrorsely,  are  exposed  to  contact 
with  the  insects;  afterwards  the  stigmas  unfold  between  them. 
Cross-fertilisation  is  thus  insured  in  case  of  insect-visits ;  in  absence 
of  insects,  the  cup-shaped  or  rather  grooved  stigmas,  passing  out 
between  the  anthers,  are  dusted  with  their  pollen  (609,  fig.  10). 

In  Crocus  sativus,  All.,  the  ovary  secretes  honey,  according 
to  Sprengel  (742,  p.  68). 

Gladiolus.  Treviranus  states  that  flowers  of  this  genus  are 
self-fertilised,  the  style  curving  back  towards  the  anthers  (742). 

Gladiolus  segetum  has  proterandrous  flowers  formed  on  the 
Labiate  type  according  to  Delpino.  In  addition  to  the  her- 
maphrodite flowers  others  occur  containing  a  pistil  only  (178, 
p.  184,  360,  p.  670). 

Gladiolus  palustris,  Gand.,  and  G.  communis,  L.,  are  visited 
bv  bees  and  humble-bees  (590, 1). 

Oed.  LILIAGEjE. 

388.  Asparagus  officinalis,  L.— This  plant  supplies  an 
undoubted  instance  of  a  transition  stage  between  moncecism  and 


Fig.  182. — Asparagus  officinalis,  L. 


1.  — Male  flower,  from  below. 

2.  — Ditto,  after  removal  of  half  the  perianth. 

3.  — Female  flower,  from  below. 

4  —Ditto,  after  removal  of  half  the  perianth. 
a,  rudimentary  stamen  ;  b,  rudimentary  ovary 


dicecism  The  flowers  of  the  male  individuals  show  distinctly 
a  rudiment  of  a  pistil  (b,  2,  fig.  182),  and  those  of  the  female 
individuals  show  functionless  but  still  conspicuous  rudiments  of 
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anthers  {a,  3).  Occasionally  reversion  to  the  hermaphrodite 
condition  takes  place,  and  then  in  the  hermaphrodite  flowers  the 
pistil  may  sometimes  be  seen  in  various  degrees  of  abortion.1 
The  pendulous  bell-shaped  flowers  have  a  pleasant  scent ;  in  spite 
of  their  inconspicuous  colour  they  are  easily  visible  at  a  distance, 
the  male  flowers,  which  are  6  mm.  long,  being  much  more  so  than 
the  females  (3  mm.).  This  instance  confirms  Sprengel's  oft- 
repeated  rule  that  the  male  flowers  of  diclinic  plants  are  more 
conspicuous  than  the  female,  whence  insects  are  likely  to  visit  the 
two  kinds  of  flowers  in  the  proper  sequence.  Honey  is  secreted 
and  lodged  in  the  base  of  the  corolla. 

Visitors  :  Hymenoptera—  Apidce  :  (1)  Apis  mellifica,  L.  $  ,  s.  and  c.p.,  very 
ab.  ;  (2)  Osmia  rufa,  L.  $ ,  s.  ;  (3)  Megachile  centuncularis,  L.  <j> ,  s.  ;  (4) 
Prosopis  annularis,  K.  (Sm.)  ? ,  s. ;  (5)  Halictus  sexnotatus,  K  ? ,  c.p.,  here 
and  there  looking  for  pollen  in  the  female  flowers  and  effecting  fertilisation 
occasionally. 

389.  Convallaria  majalis,  L. — When  the  flower  opens,  and 
before  the  anthers  ripen,  the  stigma  is  already  covered  with  long 


l  2' 

Fig.  1S3. — Convallaria  majalis,  L. 
1.— Flower,  from  below. 

U~ml^uel  ™Ting  h/lf  the  Corolla'  with  th"«  of  the  stamens. 
»£,  filaments ;  a,  anthers  ;  fr,  ovary ;  n,  stigma. 


papillae;  yet  if  a  ripe  anther  be  passed  over  its  surface  scarcely 
any  pollen  adheres.  Afterwards,  when  the  anthers  have  dehisced 
the  stigma  becomes  covered  with  a  sticky  fluid,  to  which  pollen 
adheres  readily.  I  have  not  found  honey  in  the  flowers,  though 
I  have  frequently  seen  hive-bees  visiting  them.  The  bees  collected 
pollen  hanging  to  the  pendulous  flowers  and  inserting  their  heads 
and  forelegs^  They  thus  brought  their  heads  in  contact  with 
tl\ TaTi! ?       thlan*hem>  and  V^rmed  cross-fertilisation 

vlh  the"  t  1 YS  V 6  ^  SW6pt  thG  P°Uen  from  the  ^rs 
with  the  tarsal  brushes  of  its  forelegs,  it  dusted  its  head  anew 

1  Breitcnbach,  Bot.  Zcitung,  Nov.  11,  1878. 
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with  pollen.  In  absence  of  insects,  self-fertilisation  takes  place 
regularly,  as  Hildebrand  has  shown  (351);  for  the  anthers  stand 
close  round  the  style  and  apply  their  pollen  to  the  marginal 
papillae  of  the  trilobed  stigma. 

390.  Con vall aria  mtjltiflora,  L— The  honey  lies  at  the 
base  of  the  flower  between  the  perianth  and  the  ovary.  The 
length  of  the  perianth  tube,  which  is  11  to  15  mm.  long  (or  even 
18  mm.  in  cultivated  plants)  protects  the  honey  from  short-lipped 
insects,  and  the  pendulous  position  of  the  flower  protects  it  from 
rain.  Humble-bees  visit  the  flowers ;  they  thrust  their  heads  into 
the  wide  part  of  the  tube,  and  touch  the  stigma  which  stands 
in  the  mouth  of  the  flower,  and  the  anthers  which  ripen  simul- 
taneously with  it,  with  opposite  sides  of  their  heads  or  tongues. 
They  thus  effect  cross-fertilisation  regularly.  In  each  flower  the 
bee  in  touching  one  side  of  the  stigma  thrusts  the  opposite 
side  against  the  anthers.  In  absence  of  insects,  spontaneous 
self-fertilisation  occurs. 

Visitors:  A.  Hymenoptera — Apidce  :  (1)  Bombus  agrorum,  F.  $  (12 — 15)  ; 
(2)  B.  liortorum,  L.  $  (19—21),  s.,  hanging,  back  downwards,  on  the  flowers. 
B.  Diptera — Syrpliuhe  :  (3)  Rhingia  rostrata,  L.  (11 — 12),  very  ab.,  often  two 
at  the  mouth  of  the  same  flower, — sucking  in  vain  for  honey,  which  its  tongue 
is  too  short  to  reach,  then  collecting  pollen  and  occasionally  effecting  fertilisa- 
tion by  stroking  the  stigmas. 

Convallaria  verticillata,  L.,  is  adapted  for  fertilisation  by  bees ; 
G.  polygonatum,  L.,  for  fertilisation  by  humble-bees.  The  anthers 
and  stigma  are  matured  simultaneously,  and,  in  C.  verticillata  at 
least,  some  pollen  as  it  emerges  from  the  anthers  always  reaches 
the  stigma.  It  is  probable  that  it  is  outstrij>ped  in  its  action  by 
pollen  brought  from  other  flowers  (609). 

Aspidistra  elatior,  Blume. — Buchenau  described  the  structure 
of  the  flower  thoroughly,  but  was  unable  to  elucidate  its 
mechanism  fully.  Delpino,  however,  has  endeavoured,  with 
apparent  success,  to  explain  the  mechanism  of  the  flower,  though 
he  failed  to  find  it  visited  by  insects  (118,  178,  360). 

The  capitate  stigma  closes  the  flower,  leaving  only  four  small 
openings  through  which  Delpino  supposes  small  flies  to  enter; 
the  pollen  falls  out  of  the  anthers  and  lies  in  the  cavity  of  the 
flower.  The  flies  emerge  all  dusted  with  pollen,  and  alighting  on 
the  stigma  of  another  flower  place  some  pollen  there  before  they 
find  the  small  entrance. 
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Eohclca  japonica,  Kunth. — This  plant  is,  according  to  Delpino, 
a  link  between  the  Asparaginece  and  the  Aroidece.  It  possesses 
a  kind  of  spadix,  on  which  the  flowers  are  arranged  in  a  close, 
uninterrupted  spiral.  The  fact  that  the  limb  of  the  perianth  is 
spread  out  exactly  on  a  level  with  the  points  of  the  anthers  and 
stigma  led  Delpino  to  think  that  fertilisation  was  effected  by  small 
animals  crawling  over  the  flowers.  He  observed  snails  (Helio: 
aspersa,  If.  vermicidaris)  greedily  eating  the  perianth,  which  is 
yellow  and  fleshy ;  after  devouring  about  ten  flowers  they  crawled 
to  another  spadix.  Only  those  flowers  on  which  the  snails  had 
crawled  proved  fertile ;  the  flowers  were  found  to  be  barren  to 
their  own  pollen.  These  observations  leave  no  doubt  that  snails 
ax-e  really  efficient  fertilising  agents. 

Tritoma  Uvaria  is  adapted  for  fertilisation  by  diurnal 
Lepidoptera  (228). 

Yucca. — According  to  Riley  (108)  the  species  of  Yucca  which 
are  provided  with  a  dehiscent  capsular  fruit,  and  the  moth  which 


Via.  1S4. — Yucca  and  the  Yucca-moth. 


1.  -  Flower  of  Yucca  rccurvata,  Salisb.,  from  Georgia.    Two  segments  of  the 
perianth  have  been  removed  to  show  the  ovary  (ov)  and  stamens  (a),  f . 

2.  — Stigma,  from  above,  x  4£. 

End  of  a  stamen,  x  4£.  fi,  filament ;  j?o,  pollen. 

4.  — The  Yncea-moth,  Pronuba  yuccascHa,  Riley. 

5.  — Ditto,  with  outspread  wings. 

C— Head,    m,  mandibular  palp  ;  m',  first  joint  of  ditto  ;  po,  pollen. 

7.  —  Mandibular  palp  of  female. 

8.  — Ditto,  of  male. 
0.-  Ovipositor. 

10.  —A  bristle  from  7. 
(4—10,  after  Riley). 

effects  their  cross-fertilisation  {Pronuba  yuccasella,  Riley)  stand  in 
close  interdependence.  In  the  female  of  this  moth  the  first  joint 
of  each  of  the  two  maxillary  palps  is  transformed  into  a  long 
prehensile  organ,  which  can  be  rolled  up,  and  which  serves  to  seize 
the  pollen  with.    After  the  female  has  bored  the  ovary  in  several 
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places  and  deposited  an  egg  in  each  hole,  it  repeatedly  collects 
pollen  from  the  anthers  with  these  peculiar  organs,  places  it  on 
the  stigma,  and  thrusts  it  into  the  cavity,  the  moisture  in  which  it 
at  the  same  time  sucks.  The  larvae  now  develop  in  the  ovary,  and 
along  with  them  the  seeds,  which  serve  as  their  food,  develop' also, 
and  in  such  numbers  that  the  propagation  of  the  plant  remains 
ensured.  When  full-grown  the  larva  bores  a  hole  through  the 
capsule,  lowers  itself  to  the  ground  by  a  thread,  bores  some  inches 
deep  into  the  ground  and  spins  a  cocoon  in  which  it  passes  autumn, 
winter,  and  spring ;  it  passes  into  the  pupa  stage  about  fourteen 
days  before  the  Yuccas  begin  to  flower  and  emerges  at  the  time 
when  they  do  so  (667 — 671,  &c). 

Paradisia  Liliastrum,  Bertolon,  is  adapted  for  fertilisation  by 
nocturnal  Lepidoptera.  The  honey  is  very  abundant,  and  is 
secreted,  as  in  Convallaria,  by  the  deep  longitudinal  slits  in  the 
ovary,  between  the  carpels.  The  flower  is  white,  and  the  stigma 
and  anthers  are  placed  as  in  Lilium  Martagon,  Lonicera  Pericly- 
memtm,  and  many  other  nocturnal  flowers  (609,  fig.  7). 

JEremurus  spectabilis. — The  flowers  lose  their  conspicuousness 
before  the  stigma  and  anthers  are  mature  (367).  As  in  the  case  of 
Weigelia,  Lantana,  and  many  other  flowers  whose  colours  change, 
the  gain  hereby  is  that  the  less  intelligent  and  useless  guests  are 
attracted  away  to  the  more  conspicuous  flowers  which  contain  no 
treasure  for  them  (612). 

391.  Anthericum  ramosum,  L. — The  flowers  are  regular,  and 
open  widely,  exposing  their  honey  so  much  that  the  most  short- 
lipped  insects  can  see  and  reach  it.  The  honey  is  secreted  by  the 
upper  part  of  the  ovary,  on  which  it  lies  in  three  drops  (Sjjrengel, 
pi.  xxiii.  fig.  8). 

On  the  Eehmberg  near  Miihlberg  in  July,  1868,  I  had  an 
opportunity  of  observing  this  plant  in  sunny  weather  under  its 
natural  surroundings.  The  flowers  were  assiduously  visited  by 
bees,  sucking  honey  and  collecting  pollen.  Each  time  they  alighted 
they  first  touched  the  projecting  stigma  and  then  the  anthers,  thus 
causing  cross-fertilisation  regularly.  A  handsome  black  and  green 
fly  (Merodon  ceneus,  Mgn.)  hovered  round  the  flowers  in  even  greater 
numbers  than  the  honey-bee,  sucking  the  honey  and  eating  pollen ; 
it  was  in  fact  the  principal  fertiliser.  Two  butterflies,  the  Swallow- 
tail (Papilio  MacJiaon)  and  a  Fritillary  (Melitcea  Athalia,  Esp.), 
sucked  the  honey.  Their  long  thin  tongues  did  not  touch  or  only 
touched  by  accident  the  stigmas  and  anthers  ;  but  as  they  usually 
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sat  upon  one  flower  while  sucking  another,  cross-fertilisation 
(owing  to  the  prominent  situation  of  the  stigma)  was  often  effected 
by  pollen  adhering  to  the  under  surface  of  their  bodies.  In  absence 
of  insects,  self- fertilisation  can  only  take  place  in  flowers  directed 
more  or  less  downwards. 

Visitors  :  A.  Hymenoptera— Apidm :  (1)  Apis  mellifica,  L.  $ ,  s.  and  f.p. 
B.  Diptera— Syrphidce :  (2)  Merodon  aeneus,  Mgn.,  s.  and  f.p.  C.  Lepidoptera 
—Rhopalocera :  (3)  Papilio  Machaon,  L.,  s. ;  (4)  Melitrea  Athalia,  Esp.,  s. 
Visited  also  by  many  other  insects.    See  No.  590,  1. 

Anthericum  Liliago,  L.— The  flower  resembles  that  of  the 
former  species  (590,  1). 

392.  Allium  ursinum,  L.— When  the  flower  first  opens  the 
style  is  only  from  one-third  to  one-half  of  its  ultimate  length; 
the  papillae  are  not  yet  developed  on  the  stigma,  and  ° the 
anthers  are  still  all  immature.  First  of  all  the  three  inner  anthers 
dehisce  at  slow  intervals,  one  after  the  other;  at  this  stage 
the  style  has  reached  three-quarters  or  more  of  its  full  length 
(4i  to  5  mm.).  Then  the  three  outer  anthers  dehisce  one  after 
another;  the  style  has  now  reached  its  full  length  (6  mm.),  and 
the  papillae  on  the  stigma  become  developed.  The  flowers  are 'thus 
imperfectly  proterandrous.  The  anthers  dehisce  introrselv  and 
then  turn  that  side  which  is  covered  with  pollen  more  "or  less 
upwards.  In  specimens  flowering  in  my  room  I  found  some  flowers 
m  which  the  style  was  so  bent  during  the-last  stage  that  the  stigma 
touched  one  of  the  anthers  which  still  retained  some  of  its  pollen 
In  this  way  self-fertilisation  was  effected  to  a  limited  extent  when 
no  insect  visited  the  flower.  In  a  wood  at  Stromberg  Schloss- 
berg  on  the  16th  May,  1868,  I  saw  Bomhus  pratoruvi,  o  fW 

into  efc  T       "  t0  flTr  °'A-  UrSimm  >  She  thrUSt  h-  P^oscis 

nurried  on     TV"  t         ^  ^  ***  ^  ^0  seconds 

hurried  on     The  honey  is  secreted  by  the  ovary,  in  the  three 

no  ches  be  ween  the  carpels,  and  fills  the  space  between  ZTe 

notches  and  the  bases  of  the  three  inner  stamens.    Hence  the  bee 

ttGl\wn?  7TU°h       S%ma  W]'th  °ne  Side  °f  its  h-dand 

end  to  7+r  6  °PP°Slte  Sid6'  and>  in  0]d  fl™<^,  can  only 
lead  to  cross-fertilisation.  y 

the  ZL  CEPA"  L,'~The  h°n^  in  this  »  P'^ed  in 
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Visitors  :  A.  Hymenoptera—  (a)  Apidce :  (1)  Bombus  terrestris,  L.  <J  ;  (2) 
Halictus  cylindricus,  F.  $  ;  (3)  Prosopis  punctulatissima,  Sm. ;  (b)  Sphegidw  : 
(4)  Miscus  campestris,  Latr.    B.  Diptera— (5)  Empis  livida,  L.,  all  sucking. 

Allium  carinatum  and  A.  fistulosum. — Sprengel  found  these 
species  to  be  proterandrous.  He  has  observed  honey-bees  in 
numbers  sucking  honey  on  the  flowers  of  the  latter. 

Allium  sphcerocephalum,  L.,  is  visited  by  bees,  flies,  and 
Lepidoptera  (609). 

Allium  Schcenoprasum,  /3.  alpinum,  is  proterandrous  and  very  rich 
in  honey.  It  is  much  visited  by  small  moths  (Crambus),  even  at 
2,000  m.  above  the  sea-level  (665). 

Allium  rotundum,  L.,  is  adapted  for  fertilisation  by  sand-wasps 
and  bees.  The  three  nectaries  are  concealed  by  the  expanded 
bases  of  three  of  the  stamens ;  the  long  filamentous  processes  of 
the  stamens  protrude  from  the  flower,  and  probably  serve  to  guide 
the  bee  towards  the  honey  (590,  1). 

Allium  victoriale,  L.,  is  markedly  proterandrous.  The  honey  is 
displayed  openly,  and  the  yellowish-white  flowers,  which  are  ex- 
ceedingly conspicuous  on  their  tall  stalks,  are  visited  by  numerous 
flies,  bees,  and  Lepidoptera  (609). 

Allium  sibiricum. has  proterandrous  flowers,  which  have  been 
figured  by  Axell  (17). 

The  flowers  of  Hemcrocallis  fulva  are  sterile  to  their  own 
pollen  according  to  Sprengel  (p.  43). 

Muscari  lotryoides,  Mill.,  and  M.  raccmosum,  Mill.,  are  visited 
by  bees  and  adapted  for  fertilisation  by  them  (590,  1). 

Scilla  maritima,  L.,  is  visited  by  bees  (590,  1). 

394.  Htacinthus  okientalis,  L. — The  perianth  forms  a 
tube,  12  to  14  mm.  or  more  in  length,  produced  into  six  outspread 
and  recurved  teeth.  In  its  lower  third  is  the  ovary,  with  a  short 
style  and  tripartite  stigma ;  in  the  middle  third  are  the  anthers, 
which  dehisce  introrsely  and  ripen  at  the  same  time  as  the  stigmas. 
No  free  honey  is  secreted,  but  the  wall  of  the  perianth  is  fleshy 
and  succulent,  and  is  probably  bored  by  long-tongued  insect- 
visitors.  When  an  insect's >  proboscis  is  thrust  into  a  flower  it 
touches  the  anthers  and  stigmas  with  opposite  sides,  and  so  cross- 
fertilisation  is  favoured.  Spontaneous  self-fertilisation  can  only 
occur  in  flowers  which  happen  to  be  inclined  sideways. 

Honey  is  said  by  Linnaeus  and  by  Sprengel  to  be  secreted  in 
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three  glands  in  the  angles  of  the  ovary,  but  I  have  not  been  able 
to  detect  it  (cf.  W.  J.  Behrens,  No.  51). 

Visitors  :  A.  Hymenoptera— Apuhe :  (1)  Borabus  terrestris,  L.  ?  ;  (2)  An- 
thophora  pilipes,  F.  ?  ^ ,  ab.  ;  (3)  Andrena  fulva,  Schrk.  ?  ;  (4)  Osmia  rufa, 
L-  6  >  vei7  ab,,  all  sucking.  B.  Diptera— Syrphidcc :  (5)  Cheilosia  sp.  sucking 
in  vain  for  honey.  C.  Coleoptera— Nitidulidm  :  (6)  Meligethes,  on  the  anthers 
in  large  numbers,  apparently  feeding  on  the  pollen.    See  also  No.  590,  I. 

Lloydia  serotina,  Rchb.— This  plant  shows  an  advance  on  the 
foregoing  Liliacese  in  the  possession  of  special  nectaries,  consisting 
of  a  thick  ridge  at  the  base  and  in  the  middle  line  of  each  segment 
of  the  perianth.  The  flower  is  proterandrous,  but  the  stigma 
ripens  simultaneously  with  the  inner  whorl  of  stamens ;  in  some 
cases  it  stands  on  a  level  with  their  anthers,  in  others  above  them, 
so  that  self-fertilisation  is  possible  or  not  respectively  (609). 


_  Lilmm  Martagon,  L.,  is  adapted  for  cross-fertilisation  by  Sphin- 
goids ;  Nocturia*  also  assist  in  the  work.  The  anthers  and  stigma 
ripen  simultaneously,  and  are  touched  by  the  feet  and  under  surface 
of  the  insect.   Self-fertilisation  also  occurs,  as  Sprengel  found  The 

(^t^ct  60^) fl0W6r  begbS  t0  ^  6mitted  Str°n^  at  ^ 
Lilmm  bulbiferum,  L.,  is  adapted  for  fertilisation  by  diurnal 

Sun' IT"!  £f7  in  thiS  SpedeS  and  in  L-  M^9on  is 
situated  m  the  middle  line  at  the  base  of  each  segment  of  the 

ro?e  Jh^     V8nlta/dge  merely'aS  in  but  a  deei 

groove,  whose  edges,  bordered  by  stiff  hairs,  rise  up  and  arch  over 
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to  form  a  tube,  through  which  the  honey  has  to  be  sucked.  All 
but  long-tongued  insects  are  thus  excluded  (570,  609). 

Lilium  croccum,  Chaix.,  is  sterile  to  its  own  pollen  (248). 

Gagea  lutea,  Schult.,  and  G.  arvensis,  Schult. — The  former  is 
proterogynous,  but  the  anthers  dehisce  soon  after  the  stigma  is 
mature.    Bees  visit  both  species  (590,  I.). 

Gagea  Liottardi,  Schult. — Anthers  and  stigma  ripen  simul- 
taneously, but  the  golden  colour  of  the  flowers  and  the  abundant 
honey  attract  numerous  insect-visitors,  chiefly  Diptera,  so  that 
cross-fertilisation  must  generally  occurs  (609). 

Fritillaria  imperialis,  L.,  is  visited  by  the  hive-bee  (590,  1). 

395.  Colchicum  autumn  ale,  L. — In  most  cases,  the  use 
of  a  long,  tubular  corolla  is  to  exclude  short-lipped  insects 
from  the  honey  when  they  are  useless  for  the  work  of  ferti- 
lisation. But  Sprengel  has  rightly  insisted  (702,  p.  208)  that 
in  this  plant  the  length  of  the  corolla-tube  (which  rises  directly 
from  the  bulb)  is  merely  of  use  in  permitting  the  fruit  to  lie 
buried  in  the  earth,  and  indeed  hidden  within  the  bulb,  and  so 
to  be  sheltered  from  cold  during  the  winter.  The  honey  does  not 
lie  in  the  corolla-tube,  but  is  secreted  by  the  yellow  outer  surface 
of  the  lower  part  of  the  free  portion  of  the  filaments ;  and  it  lies 
within  grooves  of  the  corolla,  covered  over  by  protective  hairs. 
The  stigmas  mature  before  the  anthers  (a  fact  which  Sprengel 
overlooked),  but  remain  fresh  and  capable  of  fecundation  until  the 
anthers  ripen.  If  insects'  visits  occur  in  time,  cross-fertilisation 
is  inevitable,  owing  to  the  proterogynous  dichogamy  of  the  flower ; 
if  they  do  not  occur  till  late,  self-fertilisation  also  is  possible,  but 
it  is  rendered  unlikely  by  the  circumstance  that  the  anthers  turn 
their  pollen-covered  surfaces  outwards ;  if  no  insects  visit  the  flower 
this  movement  of  the  anthers  probably  prevents  spontaneous  self- 
fertilisation.  % 

On  the  morning  of  Sept.  19,  1869,  at  Driburg,  I  found  several 
flowers  still  closed  in  their  night's  sleep,  which  when  opened 
displayed  anthers  not  yet  ripe,  but  stigmas  richly  coated  with 
pollen.  Rather  later,  when  the  sun  came  out,  I  found  several 
males  of  Bombus  hortorum  busy  creeping  or  flying  from  flower  to 
flower  and  sucking  honey  from  the  angles  between  the  filaments 
and  petals  As  they  crept  into  the  flowers  they  touched  both 
stomas  and  anthers  with  their  forelegs,  head,  or  the  anterior  part 
of  °their  bodies,  dusting  these  parts  plentifully  with  pollen  in  flowers 
whose  anthers  were  mature. 
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Tofielclia  calyculata,  Wahlenb.,  is  proterogynous ;  T.  borealis, 
Wahlenb.,  is  horaogamous.  The  flowers  in  both  species  are 
yellow,  and  the  visitors  are  chiefly,  but  not  exclusively,  flies  and 
beetles.  The  much  smaller  flowers  of  T.  borealis  are  less  visited 
than  the  more  conspicuous  flowers  of  T.  calyculata,  but  the  former 
species  makes  up  in  part  by  an  increased  secretion  of  honey.  Its 
flowers,  being  homogamous,  have  a  better  chance  of  self-fertilisation 
in  default  of  insect-visits  (609). 

Methonica  (Gloriosa)  superba  has  a  pendulous  flower,  whose 
stamens  and  style  are  directed  horizontally  outwards,  and  serve, 
according  to  Delpino,  as  a  platform  for  insects  (172).  Hildebrand 
states  that  in  young  flowers  the  style  serves  as  an  alighting-place, 
while  the  stamens  lie  deeper  ;  and  that  in  older  flowers  the 
stamens  assume  this  function,  so  that  cross-fertilisation  of  young 
flowers  with  pollen  from  older  proceeds  regularly  (352). 

Paris  qiiadrifolia. — rl  was  long  puzzled  to  discover  how  this 
flower  is  fertilised. 

The  stigmas  are  already  mature  when  the  flowers  open  ;  the 
anthers  dehisce  several  days  later,  the  stigmas  still  remaining 
fresh.  The  pollen-grains  are  about  -04  mm.  long  by  -016  mm. 
broad ;  they  remain  adhering  in  great  quantity  to  the  ripe 
anthers,  but  fly  off  on  the  slightest  touch  in  a  cloud  of  separate 
grains.  The  nature  of  the  pollen  and  the  complete  absence  of 
honey  and  of  a  coloured  perianth  point  to  the  flowers  as  being 
anemophilous.  The  stiff  filaments  and  the  long  connectives,  which 
are  produced  into  awn-like  prolongations,  do  not  support  this  view, 
unless  they  assist  the  transport  of  the  pollen  by  the  wind  when 
they  are  shaken  by  pollen-feeding  flies  alighting  on  them. 

I  wrote  the  above  in  1872,  and  I  did  not  discover  till  six  years 
later  that  the  flower  of  Paris  becomes  intelligible  in  all  its  parts 
when  one  looks  upon  it  as  adapted  for  Diptera ;  and  I  observed 
then  that  in  fact  it  is  visited  by  Diptera.  The  dark  purple  ovary 
crowned  by  four  stigmas  of  the  same  colour,  glitters  as  if  it  were 
covered  with  moisture  ;  and  by  this  appearance  and  by  its  dis- 
agreeable smell  it  attracts  Scatophaga  merdaria  and  other  carrion- 
feeding  Diptera.  These  visitors  often  alight  upon  the  stigma 
and  lick  the  ovary  with  their  labellae,  and  then  climbino-  up  the 
anthers,  dust  the  soles  of  their  feet  or  the  whole  under-surface 
of  their  bodies  with  pollen.  So,  flying  away  to  other  flowers,  they 
accomplish  cross-fertilisation  (589). 

Veratrum  album,  L.,  is  proterandrous.  Some  plants  possess  in 
addition  to  the  hermaphrodite  flowers,  male  flowers  also ;  others 
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bear  male  flowers  only.  That  is  to  say,  the  species  exhibits  a 
passage  through  andromoncecism  to  androdicecism.  The  flowers 
are  dirty-yellow,  and  the  visitors  are  principally  flies  (609). 


REVIEW  OF  LILIACEiE. 


In  regard  to  the  genetic  relations  of  Liliaceaa,  the  following 
conclusions  may  be  drawn  from  the  floral  characters  that  have 
just  been  described. 

The  Liliacese  must  have  once  possessed  open,  regular  flowers 
devoid  of  honey,  visited  and  cross-fertilised  by  pollen-seeking 
insects  only.  They  attained,  after  dividing  into  several  groups* 
to  the  secretion  of  open,  freely  accessible,  honey,  partly  secreted 
by  the  segments  of  the  perianth,  partly  by  the  carpels ;  and 
in  part  they  still  remain  honeyless,  and  are  still  crossed  only  by 
insects  which  collect  or  feed  on  pollen  (Tulipa),  or  else  have 
become  developed  into  deceptive  flowers  which  attract  stupid  carrion- 
loving  flies  (Paris).  Those  Liliaceas  in  which  honey  is  secreted  by 
the  carpels  have  in  part  open  flowers  with  generally  accessible 
honey  (Tofieldia,  Anthericum) ;  but  in  part  they  have  become 
adapted,  by  approximation  of  the  perianth-segments,  for  a  limited 
but  still  very  miscellaneous  lot  of  visitors  (Allium),  or  even  to  a 
special  long-proboscised  form  (Paradisia),  or  by  cohesion  of  the 
perianth-segments  into  a  longer  or  shorter  pendulous  bell,  to  bees 
in  general  (Convallaria  vcrticillata)  or  to  humble-bees  and  other 
long-proboscised  bees  only  (C.  Polygonatum).  Similarly  those 
Liliacese  in  which  the  honey  is  secreted  by  the  segments  of  the 
perianth  have  in  part  remained  with  fully  or  moderately  open 
flowers,  destined  for  cross-fertilisation  chiefly  by  short-lipped  in- 
sects (Diptera),  (Veratrum,  Gagea,  Lloydia)  ;  in  others  the  perianth- 
segments  have  become  approximated  without  cohesion  to  form  a 
pendulous  bell,  fertilised  by  bees  (Fritillaria) ;  in  others  the 
nectaries  have  become  modified  into  narrow  covered  grooves, 
which  are  only  accessible  to  Lepidoptera  (Lilium) ;  and,  finally, 
in  this  last  genus  adaptation  has  passed  from  diurnal  Lepidoptera 
to  Sphingidse  in  the  case  of  Lilium  Martagon. 

These  various  adaptations  have  all  taken  place  with  complete 
or  almost  complete  retention  of  the  regular  symmetry  of  the  flower  ; 
only  the  adaptation  to  Lepidoptera  (in  Paradisia  and  Lilium)  ami 
the  oblique  position  of  the  flower  in  Anthericum  have  caused  an 
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unsymmetrical  curvature  of  the  reproductive  organs  especially  of 
the  style. 

The  colour  of  the  perianth  in  Liliacese  must  originally  have 
been  greenish,  as  it  still  is  in  Paris,  while  the  flowers  at  first 
made  themselves  conspicuous  to  insects  by  the  colour  of  the 
reproductive  organs.  By  the  selective  agency  of  short-lipped 
insects,  those  flowers  which  had  freely-visible  honey,  and  then 
such  as  had  their  honey  partially  concealed,  developed  greenish- 
yellow  colours  (Veratrum),  yellow  (Tofieldia,  Gagea),  greenish- 
white  and  white  (Lloydia,  Anthericum),  and  their  perianth- 
segments  became  devoted  to  purposes  of  display.  It  was  only 
when  sand-wasps,  bees,  long-tongued  flies  and  Lepidoptera  began 
to  play  a  leading  part  as  the  fertilising  agents,  and  led  to  the 
development  of  flowers  that  were  no  longer  accessible  to  the 
great  host  of  short-lipped  visitors,  that  red,  violet,  and  blue 
colours  began  to  be  developed  through  the  higher  colour-sense  of 
these  insects.  In  the  genus  Allium,  for  instance,  the  species  with  more 
accessible  honey  (A.  ursinum,  A.  victoriale)  have  a  white  perianth; 
those  with  less  accessible  honey,  which  are  visited  chiefly  by 
sand-wasps  and  bees,  and  also  by-Lepidoptera  and  long-proboscised 
flies  (e.g.  A.  rotundum),  have  the  perianth  red.  In  Liliacese, 
as  in  other  cases,  the  flowers  which  are  fertilised  by  bees  have  by 
far  the  greatest  variety  of  colour,  as  we  see  by  a  glance  at  Tulipa, 
Fritillaria,  Scilla,  Muscari,  Hyacinthus,  Asparagus,  and  Conval- 
laria.  The  colours  of  those  which  are  fertilised  by  Lepidoptera 
are  far  less  various.  Lilium  bulbiferum,  which  is  fertilised  by 
diurnal  Lepidoptera,  is  clothed  in  fiery  red;  Paradisia,  which  is 
adapted  for  nocturnal  species,  is  white;  L.  Martagon,  which 
only  became  modified  for  Sphingidae  supplementarily,  has  ex- 
changed its  bright  colours  for  dull  ones  since  it  ceased  to  be 
fertilised  by  diurnal  Lepidoptera  (609,  pp.  55,  56). 

Oed.  AMARYLLIDEjE. 

390.  Galanthus  nivalis,  All.— Sprengel  has  given  a  full, 
and  on  the  whole  accurate,  account  of  this  flower  ;  he  was,  however^ 
inaccurate  in  regard  to  the  structures  which  he  supposed  to 
shelter  the  honey,  and  his  account  is  incomplete  in  regard  to  the 
circumstances  which  favour  cross-fertilisation. 

The  green  parts  of  the  grooves  on  the  inner  surface  of  the 
inner  petals  secrete  and  lodge  the  honey,  which  is  sufficiently 
sheltered  from  rain  by  the  pendulous  position  of  the  flower.  As 
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Sprengel  has  correctly  stated,  the  six  anthers,  which  lie  close 
round  the  style,  dehisce  by  apical  slits,  and  when  touched  permit 
a  little  pollen  to  fall  out ;  each  anther  sends  a  process  outwards 
towards  the  perianth,  but  this  is  not  at  all  a  contrivance  to  guard 
the  honey  from  rain,  but  a  very  important  arrangement  favouring 
cross-fertilisation.  For  when  an  insect  tries  to  reach  the  honey,  it 
cannot  avoid  touching  one  or  more  of  these  anther-processes,  and 
so  causes  the  pollen  to  be  shaken  out  upon  its  head.  The  style 
projects  beyond  the  anthers,  and  the  insect  therefore  touches  the 
stigma  before  it  gets  dusted  with  the  pollen  of  the  flower.  In  case 
of  insect-visits,  cross-fertilisation  is  thus  ensured ;  but  in  absence 
of  insects  self-fertilisation  is  apt  to  take  place  by  pollen  falling  on 
the  stigma. 

The  hive-bee  visits  the  flowers  diligently  in  sunny  weather, 
as  Sprengel  observed,  alighting  on  one  of  the  outer  perianth- 
segments.  If  in  search  of  pollen,  it  thrusts  its  head,  forelegs,  and 
midlegs  into  the  flower,  clinging  by  means  of  its  hindlegs  to  the 
outer  surface  of  an  inner  perianth-segment.  With  the  tarsal 
brushes  of  its  fore  and  mid-legs  it  sweeps  pollen  from  the  anthers, 
and  places  it  in  the  baskets  on  its  hindlegs.  If  it  wishes  to  suck 
honey,  it  usually  finds  it  more  convenient  to  use  its  fore  and  mid- 
legs  for  clinging  to  the  perianth.  In  either  case  the  bee's  head 
may  always  be  found  covered  plentifully  with  pollen. 

Narcissus  Tazetta. — Delpino  thinks  that  this  species  is  chiefly 
fertilised,  like  many  other  Amaryllideas.  by  nocturnal  or  crepuscular 
Lepidoptera.  However,  he  has  directly  observed  it  to  be  visited 
by  Anthophora  pilipes  (177,  p.  59). 

Crinum. — A  species  with  white,  sweet-scented  flowers,  about 
seven  inches  long,  is  believed  by  Delpino  to  be  fertilised  by 
butterflies  and  by  honey-sucking  birds  in  its  native  country,  and 
by  butterflies  in  Florence.  He  found  butterflies'  scales  upon  the 
stigma,  and  saw  good  seed  repeatedly  borne  by  the  flowers.  The 
essential  organs  are  exserted,  and  the  stigmatic  surface  is  not 
exposed  until  the  anthers  have  withered  (177,  p.  56). 

Pancratium  maritimum. — The  honey  is  very  deeply  situated, 
and  the  flower  seems  to  be  adapted  for  Sphinx  Gonvohuli  by  which 
it  is  very  frequently  visited  (172,  p.  17;  352,  p.  794). 

Ord.  TACCACEJZ. 

Tacca  (Ataccia)  cristata. — The  flower,  in  Delpino's  opinion,  has  a 
similar  mechanism  to  that  of  Aspidistra  elatior  (178,  36b). 
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Ord.  DIOSGOREAGEjE. 

Dioscorca. — The  species  which  are  cultivated  in  South  Brazil 
and  propagated  there  asexually,  never,  with  one  exception,  produce 
flowers  (359). 


Ord.  POiVTEDERIACEyE. 

Pontederia  is  remarkable  as  a  trimorphic  monocotyledon.  My 
brother  Fritz  Miiller  found  only  long-styled  and  short-styled 
individuals  of  an  apparently  trimorphic  species  of  Pontederia,  on 
the  banks  of  the  Itajahy-mirim  in  South  Brazil;  while  another 
species,  P.  (Eichomia)  crassipes,  which  has  been  introduced  as  an 
ornamental  plant  into  the  colony  of  Blumenau,  exists  there  in 
long-,  mid-,  and  short-styled  individuals  (556). 

Monochoria,  L  ,  has  cleistogamic  flowers,  according  to  Kuhn 
(399)- 


Ord.  GO  MM  EL  FN  A  CEJU. 

Wemmann  has  observed  subterranean  cleistogamic  flowers  in 
Commelina  bengedensis  (531). 

Tradescantia  erecta  produces  cleistogamic  flowers  in  Kew 
(330). 

Ord.  JUNCACEjE. 

Juncus  and  Luzula  have  anemophilous  flowers  in  which  self- 
fertilisation  is  for  the  most  part  rendered  impossible  by  proterogyny. 
The  proterogynous  flowers  of  Luzula  pilosa  have  been  figured 
by  Hildebrand  (351,  fig.  4),  those  of  Juncus  filiformis  by  Axell 
(17.  P-  38).  So  far  as  their  proterogynous  condition  is  concerned 
the  flowers  of  Luzula  campestris  agree  perfectly  with  those  of 
■L.  pilosa. 

Junms  hnfonius,  according  to  Batalin  (39),  is  exclusively  self- 
fertilised  m  Russia,  the  flowers,  which  are  triandrous,  remaining 
closed.  According  to  Ascherson  (10),  the  same  species  at  Halle  has 
ordinary  open,  lateral,  hexandrous  flowers,  in  addition  to  terminal 
cleistogamic,  triandrous  ones.  This  statement  is  confirmed  by 
Haussknecht/  who  found  hybrids  between  J.  lufordus  and 
J.  sphcerocarpus,  whose  flowers  always  expand  fully. 

Luzula  lulea  and  L.  nivea  attract  insects  by  their  conspicuous 

1  Bolanischc  Zcitmuj,  p.  802,  1871. 
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colour ;  the  former  shows  in  other  respects  also  remarkable 
approximations  to  the  condition  of  an  entomophilous  flower. 
Indeed,  if  the  pollen-grains  of  L.  lutea,  instead  of  being  smooth  and 
powdery,  became  adhesive,  the  plant  might  be  supposed  to  have 
attained  the  rank  of  an  entomophilous  species  (609,  fig.  1). 

Ord.  PALMM. 

Sabal  Adamsoni  has  a  white  perianth  which  contains  honey ; 
it  is  proterogynous  and  is  fertilised  by  insects  (ffcdictus,  Polistcs 
gallica).  Chamcedorea  is  also  entomophilous ;  Gocos  and  Syagrus, 
on  the  other  hand,  are  anemophilous  (177,  p.  61). 

Ord.  AROIDEJZ. 

397.  Arum  maculatum,  L. — The  arrangement  of  the  flowers 
in  this  species  agrees  so  completely  with  Delpino's  excellent 
account  of  Arum  italicum  (178,  360)  that  I  have  little  new  to  add. 
The  upper  part  of  the  spathe  (d,  1,  Fig.  185)  serves  as  a  wide, 
conspicuous  entrance,  guiding  small  Diptera  (Psychoda)  into  the 
lower  chamber  (c)  which  forms  a  temporary  prison.    The  insects 
creep  down  the  dark-red  spadix  (e)  or  sometimes  the  sides  of 
the  spathe  until  they  reach  the  upper  part  of  the  chamber  (at  the 
level  of  a,  b,  1,  Fig.  185).    At  this  point  several  rows  of  hairs 
(metamorphosed  stamens)  radiate  outwards,  pointing  slightly  down- 
wards, from  the  spadix,  and  form  a  palisade  which  does  not 
prevent  the  small  visitors  from  creeping  down  into  the  chamber 
(c),  but  afterwards  prevents  them  from  escaping  when  they  try 
to' fly  .towards  the  light.    Even  when  they  try  to  escape  by 
crawling  up  the  spadix,  the  sharp  downturned  points  bar  their 
way. 

In  the  first  stage  of  flowering  the  stigmas  only,  which  are 
borne  by  the  base  of  the  spadix,  are  mature ;  a  foul  ammoniacal 
smell  attracts  the  Psychodse  into  the  prison,  where  they  cross- 
fertilise  the  stigmas  if  they  have  come  from  other  plants.  In  the 
second  stage  the  stigmatic  papillae  wither,  and  a  drop  of  honey 
appears  in  the  middle  of  each  stigma,  to  reward  the  little  visitors 
for  their  pains.  In  the  third  stage  the  anthers  dehisce,  and  the 
greater  part  of  their  pollen  falls  upon  the  floor  of  the  chamber; 
the  injects  dust  themselves  over  and  over  with  it,  and  finally, 
when  the  palisade  of  hairs  withers  in  the  fourth  period,  they  pass 
out,  and  enter  another  flower  in  its  first  stage. 
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Delpino  lias  observed  Arum  italicum  to  be  fertilised  by  six 
different  flies,  of  the  genera  Gemtopogon,  Ghironomus,  Sciara, 
Psychoda,  Limosina,  and  DrosopUla  (178,  p.  243).  In  Arum 
maculatnm  I  have  only  found  Psychoda,,  but  it  occurs  almost 
constantly,  and  sometimes  by  hundreds  in  a  single  spathe.  I 
could  often  see,  on  looking  down  through  the  grating,  that  many 
of  the  prisoners  were  trying  to  fly  upwards  to  the  light,  and 
falling  backwards,  or  trying  to  crawl  out  and  being  repulsed  by 
the  sharp  points.    Whenever  I  broke  open  a  spathe  in  the  third 


Fig.  185.— Arum  maculahim,  h. 

1.  — The  whole  inflorescence,  x  4. 

2 .  —Transverse  section  at  the  level  of  ab  m  seen  fi-nm  =i,n,.»  ,  j  - 

ab,  point  at  which  the  cage  c  is  closed  by  stifl  h  ?rs  r' dSh  s°mewhHat  lftreer  sc^. 

the  spadix  with  its  reproductive  organs  f  I  attactivTnorH™ T  thf,sPadlx:  cage  inclosing 
spadix  serving  as  a  guide-post;/,  cross-section  of  snathe  '  %?L  8Pa^j.«.  barren  portion  of 
formed  into  stiff  filaments.  »<*.uuu  oi  spame,  g,  ditto  of  spadix;  ft,  stamens  trans- 


stage  of  flowering  I  always  fouod  a  multitude  of  inmates  gropiue 
about  m  the  thick  layer  of  p„Ilen  „„  the  floor  of  the  chamber0 
Th  Psyehodae whmh  collected  were  so  various  in  size  aud  colou 
that  I  supposed  I  had  obtained  at  least  three  species  •  but  Her- 
Vmuertz  of  Orefeld  tells  me  that  they  all  belong  to  the  very 
vanable  spee.es  PVchcda  fhalcmoides,  L.,  which  is  probahlv  the 
same  speces  found  by  Delpiuo  iu  Arm  italics,  i  S 
by  Roudani  as  Psychoda  nervosa,  Schrd  uentmea 
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Arum  dracunculus  (Dracunculus  vulgaris)  is  visited  accord- 
ing to  Delpino  by  flesh-eating  flies,  as  is  also  Am.orphophallus 
campanulatus  (178,  p.  238).  According  to  Arcangeli  it  is  fertilised 
almost  exclusively  by  carrion-loving  beetles  (Saprinus,  Dermestes, 
Oxytelus  (7). 

Arisarum  is  distinguished  from  Arum  by  the  following 
features.  The  edges  of  the  spathe  do  not  meet,  the  aborted 
stamens  are  absent,  and  so  the  spathe  surrounds  a  cavity  which 
insect-visitors  can  enter  or  leave  at  will.  The  stigmas  are  still 
capable  of  impregnation  when  the  anthers,  which  stand  above 
them,  dehisce,  so  that  self-fertilisation  may  occur  (178,  p.  21; 
360,  p.  591). 

Alocasia  odora  is  supposed  by  Delpino  to  be  fertilised  by 
snails.  The  spadix  is  covered  in  its  whole  length  with  normal  and 
abortive  stamens  and  pistils;  only  female  flowers  occur  in  the 
lower,  wider  part  of  the  spathe,  and  they  only  are  mature  in  the 
first  period.  From  this  chamber  an  attractive  odour  issues,  and 
the  snails  are  admitted  by  a  narrow  entrance.  In  the  second 
stage  this  entrance  closes,  and  the  anthers  dehisce.  Snails  which 
creep  on  to  flowers  in  this  stage  seek  vainly  for  the  entrance,  and 
dust  themselves  with  pollen,  which  they  afterwards  carry  to  the 
stigmas  of  younger  plants.  Delpino  supposes  that  the  snails,  after 
effecting  cross-fertilisation,  are  poisoned  by  an  irritant  secretion 
within  the  chamber  of  the  spathe,  and  are  so  prevented  from 
devouring  the  flowers  (178,  360). 

In  Delpino's  opinion,  Typhonium  cuspidatvm,  Ariscema  fili- 
forme,  Amorphopliallus  variabilis,  Atherurus  tripartihts,  and 
species  of  Anthurium  are  also  fertilised  by  snails  (178,  p.  238). 

Arum  ternatum,  Thnbg.,  is  proterogynous.  There  is  an  upper 
male  chamber,  and  immediately  below  it  a  female  chamber  into 
which  the  pollen  falls  upon  the  imprisoned  insects  (probably  small 
flies),  which  are  afterwards  allowed  to  escape  by  a  small  door 

^°7Arwn  erinitum,  Ait.,  resembles  A.  maculalum,  but  attracts 
carrion-flies  by  means  of  its  strong  odour  of  putrid  flesh  The 
smaller  visitors  are  held  fast  by  sticky  hairs  in  the  floral  chamber 
and  digested  (688,  689). 

The  gigantic  Amorphophallus  (Conophallm)  Tttanum,  whose 
spathe  is  33  inches  in  diameter,  and  the  bare  part  of  whose  flora 
axis  attains  a  length  of  6  feet,  is  adapted,  by  its  dirty-yellow  andl 
dark-purple  colours,  for  dung- and  camon-flies  (48). 

SlylocUton  hypogceus,  Lepr.,  and  St  lancifohus,  Kotechy  and 
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Peyritsch,  from  Central  Africa,  remain  with  their  inflorescence, 
which  consists  of  male  and  female  flowers,  and  is  inclosed  within 
a  spathe  (like  our  Arum),  beneath  the  ground  ;  the  tip  only  pro- 
trudes, and  by  it  the  fertilising  agents  creep  into  the  floral 
chamber.  A  similar  condition  exists  in  Biarum  and  Cryptocoryne 
(222). 

Ccdla  palustris,  L. — This  plant  exhibits  a  first  step  towards 
the  condition  of  things  which  is  perfected  in  Arum  maculatum. 
Its  disgusting  smell  protects  it  from  injurious  animals,  and  attracts 
carrion-loving  flies.  The  white  spathe  is  very  conspicuous,  and  the 
proterogynous  condition  is  very  distinctly  marked  (590,  I.).  Eug. 
Warming  (762)  attributes  a  share  in  the  work  of  fertilisation  to 
pond-snails. 

Symplocarpus  feeticlus. — This  shows  an  intermediate  stage 
between  the  open  spathe  of  Ccdla  palustris  and  the  closed 
prison  of  Arum,  maculatum  (728). 

In  Ambrosinia  Bassii  the  anthers  are  within  the  spathe,  the 
stigmas  outside,  at  the  end  of  the  spadix.  The  fertilising  agents 
(flies)  creep  down  the  spadix,  and  so  in  each  plant  come  in  contact 
with  the  stigmas  before  the  anthers  (178,  p.  230). 

Anthurium  Pothos  is  proterogynous  with  short-lived  stigmas, 
like  most  other  Aroideae  (177,  p.  62). 


Ord.  LEMNACEJE. 

Lemna  minor,  L.,  according  to  Ludwig,  is  adapted  for  fertilisation 
by  insects  which  live  upon  the  surface  of  the  water;  so  also, 
apparently,  are  L.  trisidca,  L.  gibla,  and  L.  polyrrhiza  (435). 


Ord.  ALISMACEjE. 

398  Alisma  Plantago,  L.-The  three  white  or  reddish  petals 
are  yellow  at  the  base,  and  expand  to  form  a  disk  about  10  mm 
m  diameter. 

The  chief  visitors  are  Syrphidae.  They  alight  sometimes  in 
the  middle  of  a  flower,  in  which  case  the  insect's  belly  comes  in 
contact  with  the  stigmas  and  immediately  afterwards  with  the 
anthers;  or  they  alight  on  one  of  the  petals  and  creep  towards  the 
pollen  or  honey,  m  which  case  various  parts  of  the  insect's  bodv 
come  m  contact  with  the  anthers,  and  sometimes  also  with  the 
stigmas. 
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Although  the  possibility  of  self-fertilisation  being  effected  by 
the  insect-visitors  is  by  no  means  excluded,  cross-fertilisation  is 
very  much  more  probable,  for  when  the  insect  alights  in  the 
middle  of  the  flower  cross-fertilisation  is  inevitable,  and  even  if  it 
alights  on  a  petal  cross-fertilisation  is  more  likely  to  occur  than 
self-fertilisation  owing  to  the  relative  position  of  the  anthers  and 
the  drops  of  honey. 


Fig.  1S6. — Alisma  Planlago,  L. 

1,  — Flower,  seen  from  above. 

2.  — Ditto,  in  side  view,  after  removal  of  the  petals. 
a,  honey-drops ;  b,  stigma. 


The  six  anthers  are  directed  obliquely  upwards  and  outwards, 
and  dehisce  extrorsely.  They  stand  at  a  considerable  distance 
from  the  stigmas,  which  project  in  the  middle  of  the  flower  and 
ripen  simultaneously  with  them.  Honey  is  secreted  in  twelve 
drops  by  the  inner  surface  of  a  fleshy  ring  formed  by  the  coherent 
bases  of  the  filaments;  one  drop  is  placed  opposite  to  each 
filament,  and  one  in  the  interspace  between  each  pair  (a,  1,  2, 
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Fig.  186).  A  fly,  starting  from  a  petal,  usually  applies  its 
tongue  to  the  honey-drops  one  by  one,  and  after  each  it  strokes 
an  anther  with  its  labellss ;  in  so  doing  it  may  bring  various 
parts  of  its  body  in  contact  with  the  anthers ;  but,  as  a  rule, 
the  parts  which  come  in  contact  with  the  anthers  are  not  those 
which  come  in  contact  with  the  stigmas  in  the  same  flower. 

I  have  not  determined  whether  self-fertilisation  takes  place  in 
absence  of  insects. 

Visitors  :  Diptera — Syrpludcc  :  (1)  Eristalis  sepulcralis,  L.  ;  (2)  Syritta 
pipiens,  L.,  both  ab.  ;  (3)  Ascia  podagrica,  F.,  very  freq.  ;  (4)  Melanostoma 
mellina,  L.  ;  (5)  Melitkreptus  scriptus,  L. ;  all  sometimes  sucking,  sometimes 
eating  pollen. 

Alisma  natans,  L. — In  floods,  the  flowers  remain  closed  below 
the  surface  of  the  water,  and  fertilise  themselves  (351). 


Oed.  NAIADACEyE. 

The  plants  of  this  order  are  anemophilous  or  hydrophilous. 

The  proterogynous  flowers  of  Triglochin  pahcstrc,  L.,  have  been 
figured  by  Axell  (17). 

The  species  of  Potamogcton  are  distinctly  anemophilous.  The 
proterogynous  flowers  of  P.  pcrfoliatus,  L.,  have  been  figured  by 
Axell  (17,  p.  38). 

Fosidonia  is  supposed  by  Delpino  to  be  a  grass  adapted  for  a 
submerged  life  (178). 

Zostera  is  considered  by  Delpino  to  be  an  Aroid  modified  for  a 
submarine  existence  (178,  11.).  The  mode  of  fertilisation  of  Zostera 
marina,  L.,  is  described  by  Clavaud  (138)  and  Engler  (223). 

Ord.  CYPERACEsE. 

The  plants  of  this  order  are  throughout  anemophilous,  but, 
like  the  grasses,  they  are  by  no  means  without  occasional  insect- 
visits.  I  have  very  often  seen  Melanostoma  mellina,  L.,  busy  on 
the  anthers  of  Scirpus  palustris ;  my  son  Hermann  has  seen 
several  specimens  of  the  hive-bee  collecting  pollen  on  Carex 
hirta,  L.,  and  I  have  watched  the  same  insect  doing  so  on 
Carex  montana,  L. 
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Ord.  gra  minej:. 

This  whole  order  consists  of  plants  with  well-marked  anemo- 
philous  flowers.  I  have,  however,  often  observed  a  small  fly 
(Melanostoma  mellina,  L.)  busy  upon  the  anthers  of  various  grasses 
(Anthoxanthum  odoratum,  Poa  annua,  Fcstuca  pratensis,  Agrostis 
alba).  Bromus  mollis  and  Brachypodium  pinnatum  are  visited  by 
beetles  (590,  I.).  Many  grasses  are  jtroterogynous,  e.g.  Anthoxan- 
thum odoratum,  Alopecurus  pratensis,  Nardus  stricta  (351,  p.  19). 
Oryza  clandestina  is  remarkable  for  possessing  cleistogarnic  flowers 
(759)-1 

Secale  cereale. — Anthers  and  stigmas  mature  simultaneously. 
The  flowers  expand  widely,  and  the  essential  organs  protrude 
freely ;  cross-fertilisation  can  consequently  be  effected  on  a  very 
large  scale  by  the  wind  (180).2 

Tritimm  vulgar e,  L. — Anthers  and  stigmas  mature  simulta- 
neously, but  the  flowers  only  expand  partially  and  for  about  a  quarter 
of  an  hour ;  they  then  close  up  permanently.  The  flower  opens 
suddenly,  scattering  all  its  pollen,  about  one-third  of  which  remains 
within  the  flower  while  the  other  two-thirds  are  shaken  out. 
Cross-fertilisation  can  only  be  effected  by  the  wind  to  a  much  less 
extent  than  in  the  preceding  species,  and  Delpino  has  found  by 
experiment  that  self-fertilisation  leads  to  the  production  of  good 
seed.  The  flowering  period  lasts  four  days,  and  since  each  flower 
only  expands  for  a  quarter  of  an  hour,  a  very  small  fraction  of  the 
flowers  are  expanded  at  any  one  time  (180). 

Hordeum  vulgare. — The  flowers  in  the  two  intermediate  rows 
never  expand  ;  those  in  the  four  outer  rows  behave  like  the  flowers 
of  wheat  (180). 

Hordeum  dislichum. — While  in  H.  vulgare  all  the  flowers  are 
hermaphrodite,  only  those  in  the  two  central  rows  are  so  in 
H.  distichum.  They  also  remain  closed  and  fertilise  themselves ; 
but  occasionally  normal  open  flowers  occur  among  them,  which  may 
then  be  cross-fertilised  by  pollen  from  the  male  flowers  in  the 
four  outer  rows  (180). 

Hordeum  and  Gryptostacliys  have  cleistogarnic  flowers  (167). 

1  Ascherson,  Botanische  Zeilung,  p.  350,  1864. 

2  Kornicke,  in  Hegel's  Gartcnflora,  p.  20,  1866. 
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GENERAL  RETROSPECT. 

In  this  section  I  propose  to  review  the  various  structural 
features  of  flowers  that  have  already  been  described  in  detail,  and 
to  trace  their  general  effect  on  the  life  of  the  plant.  If  we  cannot 
discover  the  causes,  we  may  determine  accurately  the  effects,  of  any 
modification  in  structure  of  a  flower. 

The  various  characters  of  entomophilous  flowers  which  affect 
the  life  of  the  plant  may  be  grouped  as  follows  : — 

1.  Characters  which  influence  the  visits  of  insects  

a.  General  attractions  for  anthophilous  insects. 

a.  Colour  or  scent. 

/9.  Honey,  pollen,  shelter,  or  other  substantial  benefit. 

h.  Increased  attractions  for  certain  insects,  gained  by  the 
exclusion  of  others. 

a.  By  colour  or  scent. 

/?..  By  concealment  of  the  honey  or  pollen. 

7.  By  the  time  of  flowering  or  the  place  of  growth. 

2.  Characters  which  influence  fertilisation  

a.  Mutual  adaptations  of  pollen  and  stigma. 

b.  The  insuring  of  cross-fertilisation  in  case  of  insect- 
visits,  and  of  self-fertilisation  in  absence  of  insects. 


1.— a.  CHARACTERS  INDUCING  INSECTS'  VISITS. 

a.  Effect  of  Gonsjpimousness  and  of  Odour. 
In  the  third  section  of  this  book,  I  have  discussed  so  many 
cases  of  closely  allied  flowers  differing  in  conspicuousness,  and 
at  the  same  time  in  abundance  of  insect-visits  and  in  the  chances 
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of  cross-  or  self-fertilisation,  that  it  will  suffice  to  refer  here  to  a 
few  instances  only.  We  have  instituted  comparisons  hetween 
similar  genera  of  Umbelliferae,  between  species  of  the  genera 
Ranunculus,  Geranium,  Malva,  Polygonum,  Gerastium,  Epilobium, 
Rubus,  Veronica,  Carduus,  and  Hieracium,  between  different  forms 
of  Euphrasia  officinalis,  Rhinanthus  crista-galli,  Lysimachia  vulgaris, 
etc.,  and  in  all  cases  the  same  result  has  been  obtained  :  that,  ceteris 
paribus,  a  species  of  flower  is  the  more  visited  by  insects  the 
more  conspicuous  it  is ;  and  that  when  closely  allied  flowers,  alike 
in  other  respects,  differ  in  conspicuousness  and  also  in  the  degree 
to  which  cross-fertilisation  is  insured  in  case  of  insect-visits  and 
self-fertilisation  prevented  in  their  absence,  it  is  alwaj^s  found  that 
cross-fertilisation  is  the  more  perfectly  insured  in  the  more  con- 
spicuous and  therefore  more  abundantly  visited  flowers.  And  on 
the  other  hand,  under  the  same  conditions,  self-fertilisation  is  best 
insured  in  those  flowers  which  are  least  conspicuous,  and  which 
therefore  are  least  visited  by  insects  and  least  likely  to  be  cross- 
fertilised.  These  three  statements  are  fully  proved  in  the  case  of 
many  plants  by  observations  recorded  in  the  foregoing  section; 
the  proof  rests  upon  sound  facts  and  direct  observations  and  not 
in  any  way  on  speculation  or  conjecture. 

Let  us  proceed  to  examine  the  last  two  of  these  three  state- 
ments, which  deal  more  closely  with  the  act  of  fertilisation.  The 
most  important  deduction  to  be  drawn  from  them  is,  that  in 
general  anthophilous  insects  are  not  limited  by  hereditary  instinct 
to  certain  flowers,  but  that  they  wander  about  getting  their  food 
on  whatever  flowers  they  find  it.  For  if  each  insect  had  its  own 
species  of  flower  as  most  caterpillars  have  their  own  particular 
food  plant,  the  abundance  of  insect-visits  to  the  plant  would  not 
depend  at  all  upon  its  conspicuousness. 

In  isolated  cases  we  may  find  a  particular  insect  confining  its 
visits  exclusively  or  almost  exclusively  to  a  particular  flower.  I 
give  the  following  instances  from  my  own  observations.  I  have 
found  Andrena  florea  only  on  Bryonia  dioica,  and  A.  halictoidcs 
only  in  flowers  of  Campanula :  Andrena  Hattorfiana  confines  its 
visits  almost  entirely  to  Scabiosa  arvensis,  Gilissa  melanura  to 
Lythrum  Salicaria,  Macropis  labiata  to  Lysimachia  vulgaris,  Osmia 
adunca  and  0.  ccementaria  to  Echium.  But  these  insects  do  not  form 
1  per  cent,  of  all  the  species  that  I  have  observed,  and  even 
of  these  cases  the  restriction  is  only  complete  in  two. 

I  have  already  cited  numerous  instances  of  insects  seeking 
honev  in  flowers  which  contain  none  or  which  conceal  it  beyond 
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their  reach.  For  instance,  butterflies  may  be  seen  on  the  honey- 
less  flowers  of  Hypericum  perforatum,  applying  their  tongues 
to  the  base  of  the  flower  without  either  finding  honey  or  piercing 
succulent  tissue ;  the  hive-bee  tries  in  vain  to  reach  the  honey 
of  Iris  Pseudacorus,  and  Rhingia  to  reach  the  honey  of  Dianthus 
deltoides  and  Lamium  maculatum.  Bombus  terrestris  tries  vainly 
to  reach  the  honey  of  Aquilegia  vulgaris,  Primula  elatior,  Vicia 
Faba,  etc.,  in  the  legitimate  way,  but  finally  bites  a  hole  and  steals 
the  honey ;  various  small  insects  (Meligethes,  Andrena  parvula, 
Spilogaster  scmicincrea)  visit  the  flowers  of  Cypripedium,  but  find 
no  food  and,  being  unable  to  escape,  are  starved  to  death.  I 
think  I  have  given  enough  similar  instances  in  foregoing  pages 
to  prove  beyond  doubt  that  anthophilous  insects  are  not  guided 
by  hereditary  instinct  to  particular  flowers. 

.  Another  class  of  facts  shows  clearly  that  those  insects  whose 
bodily  organisation  is  least  adapted  for  a  floral  diet,  are  also  least 
ingenious  and  skilful  in  seeking  and  obtaining  their  food ;  so  that 

anthophilous  insects  intelligence  seems  to  advance  pari  passu 
with  structural  adaptation.  This  statement  is  fully  proved  by  the 
insect  lists  given  in  the  sequel.  The  following  examples  may  serve 
to  illustrate  the  point  at  present.  Coccinella  septempunctata,  which 
is  not  adapted  at  all  for  a  floral  diet,  behaves  so  awkwardly  on 
flowers  of  Erodium  cicutariicm  that  it  generally  loses  its  hold  and 
often  falls  to  the  ground ;  and  many  attempts  fail  to  make  it  more 
skilful.  Sarcophaga  carnaria  seeks  honey  diligently  on  flowers  of 
Polygonum  Bistorta,  but  it  usually  misses  its  aim  in  trying  to  in- 
sert its  proboscis  into  the  flowers  ;  Andrena  albicans  at  first  is 
equally  awkward,  but  gradually  becomes  more  skilful  and  learns 
to  insert  its  proboscis  with  greater  accuracy.  The  hive-bee  never 
fails  in  any  case  to  insert  its  proboscis  accurately. 

Since  we  have  found  that  structural  adaptation  and  intelligence 
advance  together,  it  is  easy  to  understand  the  fact  that  short- 
lipped  insects,  little  or  not  at  all  specialised  for  a  floral  diet,  can 
usually  only  find  fully  exposed  honey,  such  as  Listera,  Parnassia 
Cornus,  and  UmbeUifera  afford ;  honey  still  easily  accessible  but 
no  directly  visible  to  them  is  passed  by.  It  is  also  quite  in- 
eligible that  the  more  specialised  visitors  visit  those  flowers  most 
diligently  winch  supply  them  with  most  booty;  for  instance,  bees 
furnished  with  abdominal  collecting-brushes  visit  chiefly  flowers 
fitted  to  apply  pollen  to  their  ventral  surfaces  ;  long-tongued  bees 
visit  chiefly  flowers  with  deep  honey-receptacles,  whose  honey  is 
^accessible  to  the  great  mass  of  insects;  and  hawk-moths,  which 


572  THE  FERTILISATION  OF  FLOWERS.       [part  iv. 

surpass  all  other  insects  in  length  of  tongue,  visit  flowers  whose 
honey  is  accessible  to  them  alone. 

We  find  that  the  above-mentioned  insects  often  resort,  to  a 
certain  small  extent,  to  flowers  less  productive  than  those  that 
they  usually  frequent.  It  is  rare  for  a  plant  which  produces 
numerous  flowers  and  much  honey  or  pollen  to  continue  so 
abundant  for  the  whole  period  that  an  insect  is  on  the  wing  that 
that  insect  can  confine  its  visits  to  it  alone.  In  such  cases  it  is 
probable  that  the  acquired  habit  is  transmitted  instinctively  from 
one  generation  to  another. 

The  study  of  particular  species  of  insects  confirms  the  con- 
clusion based  on  observation  of  the  more  conspicuous  flowers, 
that  in  general  anthophilous  insects  are  not  confined  by  hereditary 
instinct  to  certain  flowers,  but  fly  about  seeking  their  food  on 
whatever  flowers  they  can  find  it.  And  hence  the  circumstance, 
already  insisted  on,  that  a  flower  receives  the  more  visits  the  more 
conspicuous  it  is,  becomes  readily  intelligible.  It  is  also  clear  how 
natural  selection  must  have  seized  upon  and  perpetuated  all 
characters  tending  to  greater  conspicuousness.  And  thus  we  may 
explain  all  such  phenomena  as  the  development  of  various  colours 
in  flowers,  the  enlargement  and  increased  prominence  of  the 
coloured  surfaces,  the  association  of  many  flowers  together,  the 
division  of  labour  in  such  associations  between  reproductive  and 
merely  attractive  members  of  the  community,  the  appearance  of 
the  flowers  before  the  leaves  in  Salix,  Cornus  mascula,  etc.,  and 
many  other  similar  phenomena. 

Effect  of  Odour. 

The  effect  of  various  perfumes  in  attracting  insects  is  as  manifest 
as  the  effect  of  conspicuousness;  and  observation  shows  that  strong- 
scent  is  an  even  more  powerful  lure  than  bright  colours.  The 
richly  scented  flowers  of  Convolvulus  arvensis  are  far  more 
abundantly  visited  than  the  larger  and  more  conspicuous  but 
scentless  flowers  of  C.  sepium ;  the  sweet-scented  Violet  is  much 
more  visited  than  the  large,  brightly  coloured,  but  scentless 
Pansy ;  the  small,  insignificant,  but  strongly  perfumed  flowers  of 
Zepidium  sativum  surpass  in  the  abundance  of  their  visitors  the 
other  more  conspicuous  but  scentless  Crucifers. 

(3— The  Effect  of  Food  Supply. 

Every  plant  supplies  in  its  pollen  a  nitrogenous  food  which  is 
readily  made  use  of  by  many  insects,  and  when  once  found  leads 
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to  repeated  visits.  Hence  even  well-marked  anemophilous  flowers 
are  often  visited  by  insects.1 

This  fact  is  of  special  importance  in  explaining  the  origin  of 
entomophilous  flowers.  For  the  fact  that  the  lowest  and  most 
primitive  Phanerogams  are  anemophilous  forces  us  to  suppose 
that  all  entomophilous  plants  have  sprung  originally  from  anemo- 
philous ;  that  the  first  adaptations  to  insect-visits  were  attained  in 
flowers  adapted  for  wind-fertilisation;  and  that  wind-fertilised 
flowers,  then  as  now,  received  visits  from  insects.  In  comparatively 
few  entomophilous  flowers  is  the  amount  of  pollen  required  by  the 
plant  itself  the  sole  attraction  for  insects.  The  great  majority 
either  produce  a  large  excess  of  pollen  or  else  secrete  honey.  The 
fact  that  many  plants 2  secrete  honey  even  outside  their  flowers, 
in  which  case  it  does  not  influence  fertilisation,  renders  it  probable 
that  the  mere  excretion  of  honey  is  beneficial,  and  may  have  begun 
before  all  adaptations  to  insect-visits.  Whether  the  excretion 
of  honey  began  before  or  after  the  first  adaptations  to  insect- 
visits,  honey  is  now  the  most  powerful  attraction  for  insects.  If 
we  compare  the  insect-visits  of  Genista  and  Lotus,  of  Heliantlmnum 
vulgare  and  Ranunculus  acris,  R.  repens,  or  R.  bulbosus,  of  Spircca 
filipendula  or  S.  Ulmaria  with  S.  salicifolia,  S.  ulmifolia,  or 
S.  sorbifolia,  we  perceive  how  much  more  abundant  visits  (cceteris 
paribus)  a  flower  which  contains  boney  receives  than  a  similar 
flower  which  does  not,  and  how  much  more  various  are  the 
insect-visitors  if  the  honey  is  easily  accessible. 

A  third  food  material  which  leads  insects  to  repeated  visits 
is  sap  included  within  succulent  tissues.  Darwin's  observations 
and  my  own  have  shown  beyond  the  possibility  of  doubt  that  the 
inner  membrane  of  the  spur  of  our  native  Orchises  is  pierced  by 
insect-visitors.  I  have  shown  that  the  same  is  probably  true 
of  Oyhsus  Laburnum,  and  JErythrcea  Centaurium.  The  circum- 
stance that  many  flies  (Lmpidce,  Conopidce,  Bombylidce)  as  well  as 
the  more  specialised  bees  and  Lepidoptera,  are  provided  with  a 
bormg  apparatus  at  the  tip  of  their  proboscides,  indicates  that 
this  boring  for  sap  is  much  more  usual  among  insects  than  was 
ormerly  supposed.  From  the  comparatively  few  visits  which  our 
Orchises  receive  it  would  appear  that  sap  included  within  a  tissue 
is  less  attractive  to  insects  than  free  honey. 

Anthers,  filaments,  petals,  carpels,  in  short  all  the  more  delicate 

GranSncr^tT'  *'  ™ '  Artcmisi«>V-  ™  I  Cupuli/crtc,  p.  523;  Cyperacccr, 
Cf.  Vandinaz  and  Epidcndrwm,  p.  528. 
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tissues  of  the  flower  are  devoured  by  some  insects,  especially 
beetles.    But  this  cannot  be  considered  of  advantage  to  the  plant. 

In  many  Orchids  fleshy  processes  of  the  labellum  are  devoured 
by  insects  ;  in  Poly&tachya  (Malaxidece)  the  labellum  becomes  filled 
with  loose  cells  on  which  insects  feed  ;  but  we  have  no  accurate 
observations  as  to  the  value  of  these  attractions. 

The  shelter  which  many  flowers  afford  from  rain  and  wind  is 
in  many  cases  a  powerful  attraction.  For  instance,  the  males  of 
many  bees  pass  the  night  within  flowers  of  Campanula  or  take 
shelter  there  from  rain ;  and  many  small  Diptera  resort  for  shelter 
to  the  flowers  of  Avian  and  Aristolochia. 


d. — THE  EXCLUSION  OF  CERTAIN   INSECTS,  AND  CONSEQUENT 
INCREASED  ATTRACTION  OF  OTHERS. 

While,  on  the  one  hand,  it  is  of  advantage  for  flowers  to  be 
visited  by  the  utmost  possible  variety  of  insects,  since  the  like- 
lihood of  cross-fertilisation  increases  with  the  number  of  visitors, 
yet,  on  the  other  hand,  the  attraction  of  all  kinds  of  insects  has 
several  disadvantages.  For  many  visitors  are  positively  hurtful, 
as,  for  instance,  voracious  beetles,  which  may  devour  the  repro- 
ductive elements  of  the  flower ;  and  each  class  of  insects  will  be 
the  less  attracted  the  more  the  store  of  food  is  removed  by  others ; 
easily  accessible  honey  is  therefore  the  least  likely  to  attract  the 
most  diligent,  long-tongued  insects.  Besides,  easily  accessible 
honey  and  pollen  are  also  the  most  liable  to  be  spoilt  by  rain.  So 
exclusion  of  certain  insects  may  be  advantageous  to  the  plant, 
if  thereby  injurious  insects  are  excluded,  if  certain  other  insects 
are  stimulated  to  more  diligent  visits,  or,  lastly,  if  the  honey  and 
pollen  are  sheltered  from  rain.  The  great  majority  of  flowers 
possess  contrivances  for  more  or  less  restricting  insect-visits. 

a. — Limitation  of  Insect-  Visits  by  Colour  and  Odour. 

The  plants  that  we  have  discussed  furnish  only  one  class  of 
instances  of  colour  directly  limiting  insect-visits. 

All  dull  yellow  (dirty-yellow,  brownish-yellow,  yellowish-white) 
flowers  (Buplcurum,  Anetlmm,  Pastinaca,  Rhus  Gotinus,  Galium 
Mollugo,  Ruta,  Feottia,  Euonymus,  Euphorbia,  Adoxa,  AlchemUla) 
are  entirely  or  almost  entirely  avoided  by  beetles ;  closely  allied 
white  flowers  (Umbcllifcrce,  Rubus,  Rosa,  Galium  verum)  are  visited 
by  beetles,  more  or  less  to  their  injury;  and  brightly  coloured 
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flowers,  even  though  they  are  scentless  and  offer  no  honey,  or  none 
that  is  accessible  (Ranunculus,  Hclianthemum,  Papaver,  Genista), 
attract  beetles  in  numbers.  The  only  apparent  explanation  of 
these  facts  is  that  beetles  are  only  or  mainly  attracted  to  flowers 
by  bright  colours.  If  this  explanation  is  correct,  dull-yellow  must 
be  an  advantageous  colour  for  plants  with  freely  exposed  honey, 
protecting  them  from  these  injurious  guests.  And  the  fact  that 
dull-yellow  colours  only  occur  in  flowers  with  exposed  honey  lends 
support  to  this  view. 

Delpino  goes  much  further  in  regard  to  the  exclusion  of  insect- 
visitors  by  colour,  for  he  supposes  that  dull-yellow  and  purple- 
spotted  flowers  are  visited  only  by  Diptera.  But  my  lists  show 
that  almost  all  the  dull-yellow  flowers  mentioned  above  are  visited 
by  Hymenoptera,  sometimes  in  great  abundance  and  variety.  I 
have  only  investigated  two  purple-spotted  flowers,  namely, 
Gyprip>cclium  C'alceohts,  whose  staminode  is  speckled  with  purple, 
and  Lycopus  europceus,  whose  lower  lip  bears  reddish-purple 
spots;  but  both  of  these  are  visited  chiefly  by  insects  of  other 
orders. 

Indirect  limitation  of  insect-visitors  by  colour  is  instanced  in 
several  other  cases;  but  such  limitation  is  of  very  subsidiary  im- 
portance, since  it  is  always  combined  with  other  more  powerful 
restrictions.  Several  bright  and  pretty  flowers,  e.g.  the  species  of 
Biantlms,  attract  butterflies  in  great  numbers ;  even  if  the 
honey  was  accessible  to  other  insects  their  visits  would  be  greatly 
reduced  by  the  fact  of  the  honey  being  in  great  part  used  up 
by  the  butterflies  ;  but  in  these  cases  the  honey  is  placed  at 
the  bottom  of  a  tube  so  narrow  that  it  is  only  accessible  to  the 
proboscis  of  a  butterfly. 

Many  light-coloured  flowers,  which  often  grow  in  shady  places, 
are  inconspicuous  by  day  but  conspicuous  by  night  (e.g.  Platan- 
thera).  These  are  chiefly  visited  by  crepuscular  Lepidoptera,  but 
insects  are  excluded  not  so  much  by  the  colour  as  by  the 
situation  of  the  honey  at  the  base  of  long,  narrow  tubes. 

Limitation  of  insect-visits  by  peculiar  odour  is  probably  a  more 
common  phenomenon;  but  our  present  knowledge  is  not  suffi- 
cient to  admit  of  perfectly  definite  conclusions.  It  is  obvious  that 
flowers  with  a  putrid  odour  are  mainly  fitted  to  attract  carrion- 
flies  and  meat-flies,  but  how  far  their  odour  repels  other  insects 
has  not  yet  been  decided  by  observation.  None  of  our  native 
flowers  possess  odours  of  this  kind.  In  like  manner  it  is  scarcely 
possible  to  doubt  that  the  foul  ammoniacal  smell  of  Arum  is 
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specially  attractive  to  Psychodm,  which  are  attracted  by  other  sub- 
stances of  similar  smell ;  but  since  the  grating  of  hairs  in  Arum 
excludes  larger  insects  we  cannot  be  certain  that  the  smell  alone 
would  repel  them.  Delpino  supposed  that  strong  perfumes  such 
as  those  of  Ruta  and  Anethum  are  very  attractive  to  flies  and  are 
avoided  by  other  insects,  especially  by  bees.  But  according  to  my 
observations  the  same  flies  which  visit  Anethum  and  Ruta  also 
visit  a  great  variety  of  other  plants,  some  sweet-scented,  others 
scentless,  in  the  same  abundance  and  with  the  same  assiduity. 
Moreover  I  have  observed  the  flowers  of  Anethum  visited  by  six 
species  of  bees  and  twenty-five  other  Hymenoptera  as  well  as  by 
fifteen  species  of  flies,  and  Ruta  visited  by  three  species  of  bees 
and  eleven  other  Hymenoptera  in  addition  to  nineteen  species  of 
flies.  Delpino's  statement  may  be  more  accurate  in  the  case  of 
Sambucus,  but  the  flowers  of  that  plant  are  so  little  visited  that 
we  must  not  yet  conclude  that  they  are  not  sometimes  visited  by 
pollen-collecting  bees.  Bees  of  the  genus  Prosopis,  which  them- 
selves emit  a  strong  odour,  are  chiefly  found  on  strong-scented 
flowers  {Reseda,  Lepidium,  Ruta,  Anethum,  Achillea,  Matricaria), 
and  here,  as  in  other  cases,  the  concentration  of  one  class  of 
visitors  may  tend  to  restrict  the  visits  of  others. 

Sweet,  aromatic  perfumes,  pleasant  to  our  own  senses,  such  as 
the  scents  of  Asclepias  Cornuti,  Rosa  Centifolia,  Thymus,  Zavendula, 
are,  as  Delpino  has  shown,  specially  attractive  to  bees,  but  in  a 
less  degree  to  other  insects  also  ;  and  here  again  we  find  that 
deep  situation  of  the  honey  is  the  chief  means  of  restricting 
insect-visits. 


/3. — Exclusion  of  Certain  Classes  of  Insect- Visitors  by  Paucity  or 
Concealment  of  Food,  Material. 

Absence  of  honey  and  inaccessibility  of  the  honey  or  pollen 
restrict  insect-visits  much  more  effectually  than  peculiarities  in 
colour  or  odour.  Honeyless  flowers  with  exserted  anthers  are 
scarcely  visited  except  by  pollen-feeding  flies  (especially  SyrpMdcn) 
and  pollen-collecting  bees.  Lepidoptera  and  purely  suctorial  flies 
{Empidoz,  Conopidoz,  Bomlylidoi)  linger  at  most  for  a  short  time  on 
honeyless  flowers  to  bore  succulent  tissues  for  included  sap,  but 
usually  fly  away  after  a  few  seconds  to  other  flowers.  Beetles  and 
sand-wasps  devour  the  pollen  of  honeyless  flowers,  but  resort  far 
more  abundantly  to  flowers  which  furnish  them  with  both  pollen 
and   honey ;   a  few  voracious  Lamellicorns  (Cctonia  Trick 
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devour  the  anthers,  carpels,  or  petals  of  honeyless  and  honey- 
yielding  flowers  indifferently.1 

Since  honeyless  flowers  are  usually  soon  abandoned  by  honey- 
seeking  insects  without  being  secured  from  the  visits  of  destructive 
beetles  and  without  being  visited  the  more  diligently  by  pollen- 
collecting  insects,  such  flowers  are  cceteris  paribus  at  a  disad- 
vantage compared  with  those  which  contain  honey.    But  in  most 
cases  this  disadvantage  is  in  some  way  counteracted,  generally  by 
superabundant  production  of  pollen,  in  many  cases  also  (Papaver, 
Hypericum  perforatum)  by  extreme  conspicuousness ;  in  this  latter 
case,  even  such  insects  as  find  little  or  nothing  of  use  to  them 
yet  search  through  a  few  flowers  and  effect  cross-pollination  to 
a  certain  extent.    But  when  in  honeyless  flowers  with  exposed 
anthers,  the  production  of  pollen  and  the  conspicuousness  of  the 
flowers  remain  low,  as  in  Solaniom,  Hypericum  hirsithcm,  H.  quad- 
rangvlum,  H  humifusum,  Agrimonia  Eupatoria,  Anagallis,  insect- 
visits  are  so  rare  that  the  species  is  only  preserved  by  the  regular 
occurrence  of  self-fertilisation. 

Honeyless  flowers  with  concealed  anthers  will  be  more 
readily  understood  when  we  have  studied  the  effects  of  deeply 
placed  honey. 

The  concealment  of  the  honey  in  a  nectary  protected  by  other 
parts  of  the  flower,  processes,  hairs,  etc.,  is  of  advantage  to  the 
plant  in  two  ways :  it  protects  the  honey  from  rain,  and  it  permits 
a  larger  supply  to  be  accumulated,  thus  attracting  visitors  in  an 
increased  degree.    With  these  advantages  are   connected  two 
disadvantages :  the  honey  is  the  less  easily  discovered  the  more 
it  is  protected  from  rain,  so  that  a  great  host  of  the  less  acute 
visitors  are  excluded  from  it;  and  the  more  intelligent  visitors 
which  are  able  to  detect  it,  cannot  obtain  it  so  quickly  as  if 
it  were  more  exposed,  so  that  the  work  of  fertilisation  goes  on 
more  slowly.    Both  of  these  disadvantages  can  be  diminished  bV 
special  contrivances,  and  even  turned  into  advantages.    For  ex- 
clusion of  the  multitude  of  less  intelligent,  short-lipped  visitors  is 

On  these  twelve  plants  I  noted  1 «  g£rt Serf h^dula'^  S.  Arunms. 
pollen,  6  feeding1™,  pollen,  and  4  ffffiWC  *°f  ^  C0]hcth^ 
Hymenoptera  feeding  on  pollen,  2  intent  on cantari™  H  a  ,  8np  ;  2  other 
m  vain  for  honey;  57  Syrphidas  feedinVnT,  ?nu  P;e,8' 4 /PP^ntly  seeking 
2  Bombylu^oringfor  '*    .      t  ,        llfl!i5  M™cid*  feeding  „a  pollen; 

devouring  pollen  and  anthers  W  22X2  *"\*  Vin,.',y  for  ,,om'v  >  "beetle, 
seeking  in  vain  for  honey        '         S0Dlctlmt's  carpels  and  petals;  2  Lepidoptera 
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only  injurious  so  long  as  more  specialised  visitors  are  not  abundant 
enough  to  accomplish  all  the  work  of  fertilisation  ;  hut  as  soon  as 
the  development  of  special  structures,  to  contain  and  to  protect 
the  honey,  permits  a  larger  accumulation  thereof,  the  number  of 
lone-tongued  visitors  increases  so  much  as  to  more  than  com- 
pensate  for  >the  falling  off  in  short-lipped  visitors.    Delay  in 
the  work  of  fertilisation,  owing  to  concealment  of  the  honey,  is 
diminished  by  a  great  variety  of  contrivances,  and  sometimes 
entirely  removed;  the  disadvantage  that  honey  sheltered  from 
rain  is  not  directly  visible,  is  alleviated  by  pathfinders  (coloured 
spots  or  lines),  which  point  towards  the  honey  and  enable  the 
more  intelligent  visitors  to  find  it  in  a  moment ;  delay  in  obtain- 
ing deeply  placed  honey  is  lessened  by  the  development  of 
convenient  standing-places,  of  apertures  specially  fitted  for  the 
insect's  head  or  proboscis  (Labiates,  Ecltiam,  etc.),  and  by  the 
grouping  of  many  flowers  in  close  association,  so  as  to  permit 
rapid  passage  from  flower  to  flower  {Thymus,  Mentha,  Jasione). 
Finally,  in  Scabiosce  and  Compositse,  we  see  how,  by  means  of 
exserted  reproductive  organs  and  dichogamy,  fertilisation  en  masse 
is  rendered  not  incompatible  with  concealment  of  the  honey. 

In  the  account  that  I  have  just  given  of  the  evolution  of 
flowers  with  more  or  less  deeply  placed  honey,  I  have  stated  that, 
in  the  first  place,  the  advantages  which  led  to  such  development 
were  the  protection  of  the  honey  from  rain,  and  the  possibility  of 
accumulating  a  large  store ;  and  that  the  exclusion  of  short-lipped 
insects  was  an  advantage  obtained  indirectly.    It  may  be  sug- 
gested that  possibly  this  statement  should  be  reversed.    But  since 
the  long  proboscides  of  anthophilous  insects  and  the  long  tubes  of 
entomophilous  flowers  have  been  developed  in  mutual  adaptation, 
and  have  advanced  together  to  greater  and  greater  perfection,  we 
must  suppose  that  the  first  honey-yielding  flowers  exposed  their 
honey  on  flat  surfaces,  and  that  the  first  flower-visiting  insects 
were  only  furnished  with  organs  capable  of  licking  up  fully  ex- 
posed honey.    Under  these   circumstances  elongation  of  the 
proboscis  would  be  of  no  advantage  to  any  insect  so  long  as 
there  was  only  freely  exposed  honey  to  lick ;  but  shelter  from  ram 
and  increased  room  for  accumulating  honey  would  be  beneficial 
to  the  plant  even  before  insects  became  divided  into  short-tongued 
and  long-tongued.    Therefore  it  is  certain  that  the  commencing 
evolution  of  structures  to  store  and  protect  honey  preceded  the 
elongation  of  insects'  tongues.    It  was  not  until  honey-receptaek  s 
and  a  more  copious  secretion  of  honey  had  been  attained  m  certain 
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flowers,  that  it  became  possible  for  long-proboscised  varieties  of 
entornophilous  insects  to  vanquish  their  short-lipped  relatives  in 
the  struggle  for  existence.  This  tendency  of  natural  selection 
must  have  taken  effect  the  more  certainly,  in  each  class  of  insects, 
the  more  the  insects  were  dependent  on  a  floral  diet. 

To  give  a  clear  view  of  the  effect  of  simple  concealment  of  the  honey  in 
flowers  with  exposed  anthers,  I  have  tabulated  the  visitors  of  certain  groups  of 
flowers  in  which  the  honey  is  fully  exposed,  others  in  which  it  is  more  deeply 
situated  but  still  visible,  and  others  again,  in  which  it  is  quite  concealed.  The 
following  is  a  summary  of  the  result : — 

(a)  On  the  twenty-five  UnibellifeiEe  treated  in  detail  in  Part  III.,  whose 
flowers  contain  boney  freely  exposed  in  a  smooth,  adherent  layer,  I  have 
observed  757  distinct  insect-visits ;  that  is  to  say,  an  average  of  30  to  each 
species. 

(b)  On  thirty-eight  species  of  flowers  whose  honey  is  still  visible  but  is 
placed  more  or  less  deeply  at  the  base  of  a  regular  flower,  and  accumulates  in 
somewhat  greater  quantity  (Cruciferce,  Nos.  27-41  ;  Polygonum,  Nos  369- 
374;  Alsinece,  Nos.  60-67  ;  Rosacea,  Nos.  128,  133,  135  150  -153)  I 
have  observed  582  distinct  insect-visits,  or  on  an  average  15  'to  16  to  each 
species. 

(c)  On  twenty-seven  species  of  flowers  whose  honey  is  not  directly  visible 
but  is  yet  accessible  to  the  most  short-lipped  insects  (Geraniacece,  Nos.  76-83  • 
(Malva,  Nos.  69-72;  Epilobium,  No.  166;  Campanula,  Nos.  277-282  • 
Jasione,  No.  283;  Ranunculus,  Nos.  6-10)  I  have  observed  384  distinct 
insect-visits,  or  an  average  of  13  to  14  to  each  species. 

If  we  classify  these  visits  according  to  the  classes  to  which  the  insects  belon- 
and  subdivide  these  classes,  when  necessary,  according  to  the  lengths  of  the 

Jff  f0U°Willg  Mmber  P- thousand  visits,  for  each 

ol  the  above-mentioned  group  of  flowers  :— 

(1)  Orthoptera,  Neuroptera,  and  Hemlptera :  la)  12  ;  (b)  3  •  M  3 

(2)  Coleoptera:  (a)  84;  (b)  168  ;  (C)  76.  }  W 

(3)  Long-tongued  Diptera :  (a)  84 ;  (b)  167  ;  (c)  78 

Bombylius,  Empis,  and  Conopidm :  (a)  15  ;  '(b)  40  •  (c)  26 
Erzstalis,  Helophilus,  and  Volucella:  (a)  69  ;  (b)  105  \  c  36.' 

-till  itlff  Id  '  /\A/7\ 

(4)  Short-tonguedD^a..  (a)  289  ;  (b)  250    (^180        '  W 

(5)  Apidce:  (a)  127;  (6)  292  ;  (c)  524. 

Prosopis  :  ,  , 

Sphere.,  A  „,,„,»,  „„d  Halic,,,, :  Z  Z  \  ,     "  ; 

Ota  bee.  »i,„  ,„„ler„tel,  ta„  t011gue,  :  g  5-  '  »• 

Bombus  and  Anthophora }n\    ,  .   ,  ' 

(6)  Otlter  Mymenoptera:  («)  332;  (b)  69-  (c)  91  '  (  )      '  (c)  °% 

(7)  Lepkhptera :  {a)  8  ;  (b)  41  ;  (c)  44 

(8)  Thrips :  (a)  0  ;  (b)  10  ;  (c)  5. 
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concealment  of  the  honey  the  number  of  short-lipped  visitors  diminishes  and 
the  number  of  long-tongued  visitors  increases  ;  and  that,  in  the  end,  bees  far 
outnumber  beetles,  wasps,  and  short-lipped  flies. 

The  tubes  in  which  various  flowers  conceal  their  honey  vary  in 
length  between  very  wide  limits — from  scarcely  1  mm.  to  about 
30  mm.  in  our  native  flowers.  In  the  shortest  forms,  e.g.  species  of 
Veronica,  the  tube  with  its  interior  circle  of  hairs  acts  just  like 
the  structures  which  shelter  the  honey  in  Malva  and  Geranium. 
The  further  increase  of  length  in  such  tubes  depends  entirely 
upon  the  advantage  to  the  flower  of  excluding  certain  groups 
of  insects  in  order  to  induce  more  diligent  visits  on  the  part 
of  others. 

If  increase  in  length  of  the  proboscis  proceeded  pari  passu  with 
increased  need  of  food  and  increased  diligence,  and  therefore  also 
with  increased  usefulness  in  the  work  of  fertilisation,  the  various 
adaptations  connected  with  it  would  be  comparatively  easy  to 
understand.  But  this  is  by  no  means  the  case.    The  entomophilous 
insects  which  require  most  food  and  are  most  diligent,  and  there- 
fore the  most  efficient  fertilisers,  are  unquestionably  the  Bees, 
since  they  feed  not  only  themselves  but  their  young  solely  on 
substances  derived  from  flowers ;  but  the  circumstance  that  they 
have  to  use  their  mouth-parts  to  build  the  cells  for  their  young 
has  set  definite  limits  to  the  adaptation  of  these  parts  for  obtaining 
deeply  placed  honey,  while  such  limits  do  not  exist  for  Lepidoptera, 
Accordingly,  though  bees  have  far  surpassed  flies  in  the  length 
of  their  tongue  (our  longest-tongued  Diptera,  Bombylius  and 
Bhingia,  have  proboscides  10  to  12  mm.  long,  while  Anthoplwra 
pilipes  and  Bomlus  hortorum  have  proboscides  over  20  mm.  long), 
they  are  far  outstripped  by  many  Lepidoptera  {Sphinx  ligustri, 
37  to  42  mm.,  B.  Convolvuli,  65  to  80  mm.). 

Though,  owing  to  the  special  diligence  of  bees,  most  tubular 
flowers  have  elongated  their  tubes  so  as  to  exclude  the  more 
short-lipped  insects  and  to  admit  a  wider  or  narrower  circle  of 
the  more  specialised  bees,  and  though  many  of  these  flowers 
are  shown  by  other  structural  adaptations  to  be  specially  fitted 
for  bees,  yet  butterflies  have  access  to  the  honey  of  all  these 
flowers,  and  sometimes  act  as  subsidiary  fertilising  agents  though 
often  they  are  quite  useless  to  the  plant. 

Most  of  our  native  flowers  with  hidden  honey  have  at  the  same  time  their 
pollen  more  or  less  deeply  situated,  or  else  differ  in  other  important  relations, 
and  are  therefore  not  fitted  to  show  clearly  the  effect  of  increased  concealment 
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of  the  honey.  The  Compcsitm,  however,  furnish  several  series  of  forms  .well- 
fitted  to  demonstrate  this  point.  Omitting  some  aberrant  forms,  the  honey  is 
on  the  whole  least  deeply  situated  in  the  Senecionidce,  more  deeply  placed  in  the 
Cichoriacece,  and  most  deeply  in  the  Cynarece.  On  (a)  ten  Senecionidce  (Nos. 
216,  222,  224,  226,  227,  228,  232,  233,  236,  237),  I  have  observed  335  different 
insect-visits,  or  an  average  of  33-5  to  each  species  ;  on  (b)  fifteen  Cichoriacece 
(Nos.  259,  261-273,  275),  356  distinct  visits,  or  an  average  of  23  to  24  ; 
and  on  (c)  ten  Oynareas  (Nos.  240,  241,  244,  245,  249,  252,  254,  256,  257,  258) 
189,  or  an  average  of  18  to  19.  The  following  table  is  similar  to  the  preceding 
one,  and  shows  the  proportionate  number  of  visits  paid  by  each  group  of 
insects,  reckoning  the  total  number  of  visits  observed  at  1,000. 

(1)  Specially  long-tongued  bees,  Bombus  and  Antlwphora  :  (a)  15  •  (b)  48  • 
(c)  211.  w      '  w  ' 

(2)  Bees  with  abdominal  collecting-brushes  (and  lone  proboscides)  •  (a)  07. 

(b)  48;  (c)  131.  •    W  .' 

(3)  Other  bees  with  long  or  moderately  long  proboscides  :  (a)  42  ;  (b)  126  • 

(c)  85.  ^ 

(4)  Sphecodes,  Anclrena,  and  Halictus  (proboscides  moderately  Ions)  ■  (a) 
167  ;  (b)  399 ;  (c)  196.  3       aJ  '  K  ' 

(5)  Prosopis  and  Golletes  (short-tongued)  :  (a)  30  ;  (b)  8  ;  (c)  5. 

(6)  Other  Hymenopiera  (mostly  short-lipped)  :  (a)  137;  (b)  17 ';  (c)  35 

/  \  {2  L/°7ng-tongued>  Purely  suctorial  Diptera  (Bombylius,  Emms,  Conopidce)  ; 
(a)  42  ;  (b)  42  ;  (c)  35. 

(8)  Rhingia  :  (a)  3  ;  (b)  3 ;  (c)  10. 

(9)  with  shorter  tongues  than  Rhingia  (Eristalis,  Helophilus, 
Vohicella)  :  (a)  92  ;  (b)  84  ;  (c)  55.  ;' 

(10)  Short-tongued  Diptera :  (a)  242;  (b)  121;  (c)  10 

(11)  Lepidoplera  :  (a)  80;  (b)  67;  (c)  171. 

(12)  Coleoptera:  (a)  116;  (&)  34;  (c)  45. 

(13)  Hemiptera  and  Panorpa :  (a)  9  ;  (6)  3  ;  10. 

This  table  proves  clearly  that  in  Composite  as  the  honey  becomes  more 

SoT Z  Vj8itr  °f  ^  m°re  hl'ghly  SPedalised  bee8  --ease,  whil"! 
irue  of  1         T   S,ltUatl°n  °f  the  P°llen> the  Visits  of  flies  Ml  off-    This  is 

mirnber      vS  n  °  T     f  ^    ^  if  *  ™e  *°Ssib]e  to  record  ^ 
would  be  sti  tP        76aCh  V***  the  P^derating  influence  of  bees 
would  be  still  more  apparent.    From  these  first  stages  in  elongation  of  the 

Z  motrTr  b6eS'  ViSitS  hj  eXClUSi°n  °?  ^ort-lippld  ilctl  w 
CLpoltd  bv    8     if1         t0       exceedi^y  1-g  tubes  whose  honey  is 
s"SsPstanffloILT    +  f*  °f  be6S"    At  tbe  toP  *  the 

ac^sible  t  !  W  *? *  ™?  16 10  20        l0ng'  and  Wh0se  hmey is  <&7 

acc  ssible  to  a  few  species  of  Bombus  and  ^tfopAom  ^2„^io,  DeLiniJ 
Pedtculans,  Lamium  maculatum,,  etc  )  ^vpmmum, 

AZane^  Boraginea,  Scrophulariacew,  Ericacew,  etc.  7 
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Although,  from  the  peculiar  industry  of  bees,  elongation  of  the 
corolla-tube  is  to  be  ascribed  to  their  influence  in  the  great 

O 

majority  of  cases,  this  is  not  the  case  always.  The  flowers  of 
Scrophularia  and  Symphoricarpus  are  just  of  the  right  size  to  admit 
a  wasp's  head ;  and  wasps  are  attracted  in  such  numbers  to  these 
flowers  by  the  abundant  honey  that  the  visits  of  other  insects  to 
which  the  honey  is  equally  accessible  are  greatly  diminished. 

Other  flowers  conceal  their  honey  in  tubes  so  long  and  narrow 
that  it  is  only  accessible  to  Lepidoptera.  Owing  to  the  small 
supply  of  food  needed  by  Lepidoptera  and  their  inferior  industry, 
such  a  condition  could  only  prove  advantageous  to  a  comparatively 
small  number  of  plants.  The  following  native  flowers  are  adapted 
for  Lepidoptera : — Diurnal  Flowers  :  Anacamptis  pyramidalis, 
species  of  Dianthus,  Lychnis  Githago ;  Nocturnal  Flowers  : 
Gymnadenia  eonopsea,  species  of  Platanthera,  Saponaria  officinalis, 
Lychnis  vcspertina,  Lonicera  Gaprifolium  and  L.  Periclymenum. 
Of  these,  the  diurnal  flowers  exclude  bees  (and  still  more,  other 
insects)  by  the  narrowness  of  their  tubes,  and  the  nocturnal  species 
by  their  length  also. 

In  many  flowers  the  mouth  of  the  corolla  closes,  and  can  be 
forced  open  by  bees  but  not  by  flies ;  the  visits  of  the  former  are 
therefore  increased  and  of  the  latter  diminished.  I  may  merely 
refer  to  the  closed  mouth  of  the  corolla  in  Antirrhinum  and 
Linaria,  to  the  closed  entrance  to  the  nectary  in  Borago,  Symphytum 
and  Salvia,  and  to  the  close-shut  flowers  of  Lathyrus  pratensis, 
Vicia  sepium,  Pisum  sativum,  and  many  other  Papilionaceae.  In 
'  many  cases  such  conditions  fail  to  exclude  the  thin  tongues  of 
Lepidoptera. 

Effect  of  Concealment  of  the  Pollen. 

Freely  exposed  pollen  is  liable  to  be  spoilt  by  rain,  devoured  by 
flies  and  beetles,  or  carried  away  by  pollen-collecting  bees.  Of 
these  contingencies  the  first  is  wholly  an  evil,  the  second  becomes 
advantageous  if  any  considerable  amount  of  pollen  is  conveyed  to 
the  stigma,  and  the  third  almost  always  results  in  fertilisation  and 
is  therefore  altogether  advantageous.  Concealment  of  the  pollen, 
as  of  the  honey,  must  have  been  brought  about  in  the  first  place  as 
a  protection  from  rain.  Since  with  this  advantage  comes  the 
disadvantage  that  the  sheltered  pollen  is  less  likely  to  be  touched 
and  placed  on  the  stigma  by  insect-visitors,  concealment  of  the 
stamens  has  not  become  general.  Many,  even  of  those  flowers 
whose  honey  is  deeply  placed  and  attainable  by  a  limited  group 
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of  visitors,  expose  their  pollen  (but  in  that  case  their  stigmas  also) 
to  short-lipped  insects,  which  then  act  as  subsidiary  fertilising 
agents  (cf.  Compositor,  Silencce,  JEsculus,  Echium,  Oenothera,  lonicera, 
etc.).    And  all  flowers  with  hidden  anthers  have  only  been  able  to 
shelter  their  pollen  from  rain  in  so  far  as  they  have  developed 
other  adaptations  for  particular  visitors,  which  compensate  for  the 
less  general  access  of  pollen-carrying  insects.    For  this  reason, 
flowers  with  hidden  pollen  afford  us  the  most  conspicuous  ex- 
amples of  adaptation  in  form  and  in  dimensions  to  a  more  or 
less  narrow  circle  of  visitors  (cf.  Orchideai,  Iris,  Papilionaccce,  some 
BomginecB,  Lahiatce,  Scropludariaccce,  Apocynea},  Ericaceae,  etc.). 
These  adaptations  are  always  directly  concerned  in  insuring  self- 
fertilisation,  and  therefore  fall  to  be  considered  in  a  future  section. 
But  the  more  perfectly  flowers  are  adapted  for  cross-fertilisation 
by  particular  insects,  the  more  unlikely  does  it  become  that  other 
insects  visiting  the  flowers  will  effect  cross-fertilisation,  and  the  more 
will  such  visits  of  other  insects  be  useless  or  injurious  to  the  plant. 
So  concealment  of  the  pollen  is  useful  (to  a  subsidiary  degree)  in 
limiting  insect- visits,  and  this  effect  has  now  to  be  considered. 

Concealment  of  the  pollen  in  a  cone  of  apposed  anthers 
{Viola,  Borago,  Symphijtum)  hinders  it  from  being  devoured  by 
flies  and  beetles,  and  renders  it  more  difficult  for  bees  to  collect  it; 
while  honey-seeking  bees  cannot  reach  the  honey  without  causing 
the  cone  to  open  and  shed  its  pollen  on  them. 

Concealment  of  the  anthers  within  open  tubes  {Myosotis,  Vinca, 
Syringa,  etc.)  renders  it  more  difficult  for  beetles  to  devour  the 
pollen,  and  for  bees  to  collect  it ;  but  if  the  tube  is  wide  enough 
{Syringa),  the  more  highly  developed  proboscides  of  certain  Syrphidce 
can  enter  and  obtain  the  pollen,  while  narrower  tubes  {Myosotis 
Vinca)  prevent  all  Diptera  from  feeding  on  the  pollen,  and  only 
permit  their  visitors  to  obtain  honey.    When  the  tube  containing 
the  stamens  is  closed  {Anchusa,  Linaria,  Antirrhinum),  all  insects 
except  bees,  Lepidoptera,  and  some  very  minute  intruders  are  shut 
out  both  from  the  honey  and  from  the  pollen.    Pendulous  flowers 
with  included  stamens  and  not  too  wide  tubes  protect  their  honey 
from  removal  by  flies  {Asparagus,  Convallaria)  or  by  other  insects 
also  {Erica,  Vaccinium) ;  such  flowers  are  therefore  visited  mainly 
or   exclusively  by  honey-seeking  insects.    A  vaulted  structure 
sheltering  the  anthers  from  rain  (Iris,  most  Labiates),  does  not 
prevent,  but  to  a  great  extent  restricts,  the  theft  of  pollen  by 
insects;  beetles  are  quite  unable  to  obtain  pollen  so  concealed 
only  a  few  of  the  more  intelligent  flies,  especially  Bhmgia  and 
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rather  more  numerous  bees  can  do  so.  The  pollen  is  most  com- 
pletely protected  in  those  flowers  whose  stamens  are  completely 
shut  up  within  the  corolla  (Fumariacccv,  Papilionacece,  Phinanthus, 
Mdampyrum,  Pediciclaris,  Salvia),  or  whose  pollen  is  united  in 
masses  and  enclosed  in  pouches  (Asdepiadece,  Orchidece).  These 
plants  are  no  longer  able  to  have  their  pollen  transported  by 
miscellaneous  insects,  but  they  have  developed  adaptations  of  the 
most  perfect  kind  for  cross-fertilisation  by  certain  special  insects. 

The  mechanism  is  so  perfect  and  so  effectual  in  these  flowers 
that  cross-fertilisation  is  thoroughly  insured,  though  some  of  them 
offer  only  pollen  to  their  visitors  (Genista,  Sarothamnus),  others 
pollen  and  sap  (Cytism),  others  sap  only  {Orchis). 

The  contrivances  that  we  have  just  reviewed  give  to  two 
divisions  of  anthophilous  insects  exclusive  or  almost  exclusive 
access  to  the  food  materials  contained  in  certain  flowers  ;  namely, 
in  most  cases  to  bees,  which,  however,  must  usually  share  their 
honey  with  the  Lepidoptera ;  and  in  relatively  few  cases  to 
Lepidoptera,  when,  if  the  pollen  lies  exposed,  flies  may  devour 
it  and  bees  collect  it,  playing  a  subsidiary  part  in  the  work  of 
fertilisation.  But  certain  small  Diptera  which  resort  to  small  dark 
cavities  have  a  much  more  complete  monopoly  of  those  flowers 
which  furnish  them  with  such  temporary  abodes,  and  which  have 
become  adapted  for  cross-fertilisation  by  them  (Aristolochia 
Clcmatitis,  Arum  maciolatum) ;  for  the  narrow  entrance  usually 
excludes  all  other  insects. 

Limitation  of  Insed-visits  by  Time  of  Floice.ring  and  by  Place 

of  Growth. 

It  is  obvious  that  every  species  of  flower  can  only  be  visited  and 
fertilised  by  those  insects  which  occur  at  the  time  when  the  plant 
is  in  flower,  and  in  the  stations  where  it  grows.  The  insect- 
visitors  of  a  plant  are  therefore  limited  by  the  season  and  by  the 
time  of  day  when  it  flowers,  by  its  geographical  distribution,  and 
by  the  nature  of  its  habitat. 

We  may  assume,  furthermore,  with  Delpino  (175  a),  that  the 

geographical  range  of  many  flowers  finds  its  limit  Avhere  insects 

suitable  for  their  fertilisation  begin  to  fail.    But  the  particular 

cases  which  Delpino  adduces  to  support  this  view  are,  in  part, 

based  on  insufficient  observations.1    Our  stock  of  observations  is 

1  Thus  Delpino  supposes  that  the  geographical  range  of  Roses  is  determined  by 
the  occurrence  of  Cctonicc  and  fflaphyridce  (175  a,  p.  18),  and  that  Epilobium  and 
Myowtis  are  exclusively  fertilised  by  bees  (p.  IP).  My  lists  contradict  both  of  these 
assumptions. 
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as  yet  also  insufficient  to  show  us  how  the  circle  of  visitors  to 
any  particular  plant  is  determined  by  the  time  of  flowering,  the 
nature  of  the  locality,  the  competition  of  other  flowers,  and  the 
peculiarities  of  structure  in  the  flower  itself. 

It  is  obvious  that  flowers  which  only  expand  at  night  are 
•thereby  protected  from  the  visits  of  all  merely  diurnal  insects, 
but  among  our  native  flowers  we  have  scarcely  a  distinct  example 
of  this  condition.  Of  the  flowers  mentioned  above  as  adapted  for 
hawk-moths  and  nocturnal  Lepidoptera,  Lychnis  vespertina  expands 
in  the  evening,  without,  however,  being  completely  closed  by  day; 
while  the  others  exclude  diurnal  insects  from  their  honey  only  by 
their  long,  narrow  tubes,  and  specially  attract  hawk-moths  and 
night-flying  Lepidoptera  by  their  colour,  and  by  exhaling  their 
odour  most  powerfully  at  night. 


2.   STRUCTURAL  CHARACTERS  WHICH  AID  IN  FERTILISATION. 

Adaptive  Modifications  of  the  Pollen  and  Stigma. 

All  the  characters  of  flowers  so  far  discussed  can  only  be  of 
advantage  to  the  plant  in  so  much  as  they  contribute  indirectly  to 
the  conveyance  of  pollen  by  insect-visitors  to  the  stigmas  of  other 
flowers.  But  this  result  is  only  possible  if  the  pollen  is  of  such  a 
nature  as  to  adhere  to  the  insect,  and  if  the  stigma  is  fitted  to 
remove  it  from  the  insect  in  turn. 

While  in  anemophilous  plants  the  pollen  consists  very  generally 
of  loose,  smooth,  and  easily  scattered  grains,  in  entomophilous 
flowers  it  presents  a  great  variety  of  characters,  all  such  as  to  enable 
it  to  adhere  to  the  bodies  of  insect-visitors;  and  in  all  cases  the 
nature  of  the  stigma  stands  in  the  closest  relation  to  the  nature 
of  the  pollen,  and  the  stigma  is  always  fitted  for  attaching  the 
pollen  to  itself  by  a  viscid  surface  or  by  projecting  papillaa 
In  flowers  furnished  with  a  contrivance  fur  scattering  their  £ 
(several  Scrophulariacece,  Ericaceae,  etc.)  the  pollen  is  usually 
smooth  and  loose  as  in  anemophilous  plants;  but  it  is  inclosed  in 
receptacles  from  which  it  is  dislodged  by  a  touch  of  the  insect 
and  it  is  often  directed  m  its  fall  by  special  hairs.    In  Syrinl 
and  S„honcarpicst^  insect's  head  or  proboscis  is  first  moistenS 
with  honey,  to  which  the  pollen  then  adheres;  in  Vinca  Zd 
Polygala  viscid  matter  is  secreted  by  the  stigma,  and  in  Bryont 
Marn,J>vam,  Mentis  etc.,  by  spherical  cells  of  the  anthers  and 
fulfils  the  same  function.   In  the  great  majority  of  cases  that  ^0 


586  THE  FERTILISATION  OF  FLOWERS.       [paht  iv. 

say  in  all  generally  accessible  flowers,  the  pollen  is  rough  or  viscid, 
so  that  it  adheres  readily  to  the  usually  hairy  surfaces  of  insect- 
visitors.  In  Cypripedium  it  forms  a  sticky  mass,  which  adheres  to 
the  insect  as  it  forces  its  way  underneath,  and  which  is  afterwards 
removed  by  the  rough  stigmatic  surface  of  the  next  flower.  In 
Orchis  it  coheres  in  little  packets  which  are  united  into  "  pollinia  " 
or  "pollen-masses"  by  elastic  threads,  and  the  whole  pollen- 
mass  attaches  itself  by  a  special  cement  to  the  insect-visitor; 
the  stigma  is  sticky  enough  to  cause  the  little  packets  of  pollen 
which  come  in  contact  with  it  to  adhere  firmly,  so  that  as  the 
insect  moves  away  the  elastic  threads  are  broken  through.  In 
Asclepias  all  the  pollen-grains  in  an  anther-lobe  cohere  to  form 
a  flattened  mass,  which  becomes  attached  by  its  "  corpusculum  " 
to  an  insect's  claw,  and  is  inserted  through  a  narrow  slit  into 
the  stigmatic  chamber  of  another  flower,  and  is  torn  away  and 
left  there. 

The  size  of  the  pollen-grains  also  varies  in  relation  to  the 
length  of  the  style  which  the  pollen-tubes  must  traverse,  as  is  seen 
in  the  varying  size  of  pollen-grains  from  the  different  whorls  of 
anthers  in  dimorphic  and  trimorphic  plants  (cf.  Ly thrum). 

Characters  ichich  insure  Gross- Fertilisation  in  case  of  Insect-  Visits 
and  Self- Fertilisation  in  Absence  of  Insects. 

If  the  adaptations  of  flowers  to  insect-visits  are  really  due  to 
the  cross-fertilisation  induced  by  the  visitors,  all  characters  which 
render  cross-fertilisation  inevitable  in  case  of  insect-visits,  and 
which  render  self-fertilisation  impossible,  must  be  of  special  advan- 
tage to  the  plant ;  but  only  so  far  as  insect- visits  occur  in  sufficient 
abundance  to  insure  cross-fertilisation.  If  this  condition  is  not 
regularly  fulfilled,  it  is  obviously  much  better  for  the  plant 
to  have  the  power  of  reproducing  itself  by  self-fertilisation 
while  leaving  only  a  possibility  of  cross-fertilisation  in  case  of 
insect-visits  than  to  be  cross-fertilised  with  absolute  certainty  when 
insect-visits  occur,  but  to  be  not  fertilised  at  all  in  absence  of 
insects.  This  is  the  simple  explanation  of  the  law  already  laid 
down,  that  "  When  closely-allied  flowers,  alike  in  other  respects 
in  structure,  differ  in  the  abundance  of  their  insect-visits,  and  at 
the  same  time  in  the  degree  to  which  cross-fertilisation  is  insured 
in  case  of  insect-visits  and  self-fertilisation  in  absence  of  insects, 
then  under  otherwise  similar  conditions  those  flowers  which  are 
most  visited  are  those  in  which  cross-fertilisation  is  best  insured,  and 
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those  which  are  least  visited  are  those  in  which  self-fertilisation 
is  best  insured.1 

The  comparative  merits  of  cross-fertilisation  and  self-fertilisation 
can  only  be  rightly  considered  when  the  actual  insect-visits  that  the 
plant  receives  are  taken  into  account ;  and  only  the  utter  neglect 
of  this  precaution  can  explain  how  Hildebrand  and  Axell  came 
to  directly  opposite  estimates  of  the  value  of  the  two  modes  of 
fertilisation.  For  Hildebrand  in  his  Geschlechtervertheilung  ar- 
ranges the  mechanisms  of  flowers  according  as  they  hinder  self- 
fertilisation,  and  seems  to  consider  those  the  most  perfect  in  which 
self-fertilisation  is  least  possible ;  while  Axell  tries  to  show  that 
the  highest  and  most  perfect  Phanerogams  are  those  which 
regularly  fertilise  themselves.2 

Both  views  are  only  partially  correct ;  the  truth  lies  between 
them.  The  law,  proved  by  general  considerations  in  the  Introduc- 
tion and  by  many  detailed  facts  in  the  third  section  of  this  book, 
that  cross-fertilisation  is  better  for  a  plant  than  self-fertilisation, 
but  that  self-fertilisation  is  infinitely  better  than  no  fertilisation  at 
all  and  consequent  sterility,  must  modify  essentially  Hildebrand's 
conception  of  a  law  of  the  avoidance  of  self-fertilisation.  And  it  is 
evident  at  once  that  Axell's  idea  of  a  single  path  towards  perfection 
in  the  evolution  of  Phanerogamic  flowers  is  altogether  untenable 
when  we  review  the  insurance  of  cross-  and  self-fertilisation  in 
connection  with  the  insurance  of  insect-visits. 

The  oldest  Phanerogamic  flowers  which  adapted  themselves 
for  the  transport  of  their  pollen  by  insect-agency  certainly  pos- 
sessed those  characters  by  which  insects  are  mainly  attracted— 
namely,  conspicuousness,  perfume,  and  honey— to  so  small  an 
extent  that  as  a  rule  their  insect-visitors  were  not  numerous 
enough  to  insure  cross-fertilisation.  Under  these  conditions  it 
must  have  been  advantageous  for  the  organs  of  both  sexes  to  be 
united  within  one  flower  so  as  to  admit  the  possibility  of  self- 
fertihsation.  In  accordance  with  this  is  the  fact  that  while  the 
Gymnosperms  have  diclinic  anemophilous  flowers,  the  «reat 
majority  of  entomophilous  Phanerogams  are  monoclinic 

But  as  soon  as  in  any  entomophilous  plant  increased  conspicu- 
ousness, or  perfume  or  food-supply  had  so  far  multiplied  insect- 
v  sits  that  cross-fertilisation  took  place  regularly  and  the  possibility 
of  self-fertilisation  became  quite  useless,  then  the  possibility  of 
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self-fertilisation  could  be  dispensed  with,  and  has  actually  in  very 
many  cases  been  lost.  Such  a  result  has  taken  place  in  the  most 
diverse  ways,  sometimes  by  dichogamy,  sometimes  by  the  position 
of  the  parts  in  the  flower,  sometimes  by  reversion  to  the  diclinic 
condition.  Asparagus  officinalis,  Ribes  alpimm,  Rhus  Cotinus, 
Lychnis  vespertina,  &c,  are  undoubted  instances  of  plants  which 
have  reverted  or  are  reverting  from  the  hermaphrodite  to  the 
diclinic  condition. 

So  when  insect-visits  were  comparatively  few  it  was  a  step 
towards  perfection  for  entomophilous  diclinic  plants  to  become 
monoclinic  ;  but  when  cross-fertilisation  was  insured  by  sufficient 
insect-visits  the  reverse  transition  was  advantageous.  So  is  it 
with  all  other  characters  which  insure  cross-fertilisation  or  self- 
fertilisation.  Dichogamy  is  so  general  a  feature  throughout 
whole  genera  and  orders,  that  it  is  scarcely  possible  to  doubt  that 
it  has  been  inherited  as  an  advantageous  character  from  the 
common  ancestors  of  these  genera  or  orders ;  but  the  least  con- 
spicuous and  least  visited  species  in  these  groups  have  reverted  to 
self-fertilisation,  and  in  their  case  this  reversed  progress  has  been 
a  step  towards  perfection  (cf.  Senecio  vulgaris,  Malva  rotundifolia, 
the  smaller  species  of  Geranium,  Stellaria  media,  etc.).  In 
Rhinantlms  crista-galli  cross-fertilisation  in  the  event  of  sufficient 
insect-visits  is  insured  by  the  distance  of  the  stigma  and  anthers 
from  one  another,  and  the  style  is  elongated  so  that  its  stigma 
must  be  touched  by  insect-visitors ;  but  in  the  less  conspicuous 
variety  the  tip  of  the  style  curves  backwards  so  far  that  self- 
fertilisation  ensues  without  fail.  It  is  needless  to  cite  more  of 
the  instances  already  discussed,  in  which  little- visited  varieties, 
species,  or  genera  fertilise  themselves  regularly,  while  closely-allied 
forms,  more  abundantly  visited,  have  been  able  to  dispense  with 
the  possibility  of  spontaneous  self-fertilisation. 

In  my  opinion,  if  we  must  describe  in  general  terms  the  grades 
of  perfection  in  floral  mechanisms,  we  can  only  call  those  specially 
perfect  which  fulfil  their  purpose  in  the  life  of  the  plant  specially 
well;  that  is  to  say,  which  under  existing  conditions  insure  the 
sexual  reproduction  of  the  species  with  particular  success.  We 
cannot  admit  that  either  the  insurance  of  cross-fertilisation  in  case 
of  insect- visits,  or  the  unfailing  occurrence  of  self-pollination,  is  in 
itself  a  measure  of  perfection  in  the  mechanism  of  a  flower ;  for 
both  among  plants  which  regularly  pollinate  themselves  and 
among  those  in  which  spontaneous  self-pollination  is  impossible 
we  find  numerous  species  which  prove  by  their  great  abundance 
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how  perfect  is  their  structure.  Senecio  vulgaris,  Veronica 
hedcrcefolia,  Stellaria  media,  Lamium  purpureum  are  examples  of 
the  one  condition,  and  Pedicularis  silvatica,  Malva  silvestris,  and 
JSchmm  vtdgare  of  the  other.  It  must  by  no  means  be  supposed 
that  all  floral  mechanisms  are  equal ;  in  many  flowers  distinct 
imperfections  have  already  been  pointed  out  (Posoqueria  fragrans, 
Faramca,  Malva  silvestris,  Euphrasia  Odontites,  Geum  rivale, 
etc.).  There  are  also  species  which,  after  abandoning  the  power  of 
self-fertilisation,  have  suffered  so  from  the  competition  of  other 
flowers  that  they  obtain  very  few  insect-visits  {e.g.,  Ophrys 
muscifera).  Such  instances  prove  still  more  forcibly  that  the 
uniform  perfection  which  Axell  supposes  to  exist  in  Nature  has 
no  real  existence. 

It  may  be  urged  that  Axell  proceeds  from  a  totally  different 
conception  of  perfection ;  for  he  looks  upon  every  economy  of 
space,  time,  and  material  as  a  step  towards  perfection  ;  and  he 
must  therefore  look  upon  the  reversion  of  monoclinic  flowers  to 
dicliny,  or  the  passage  of  homogamic  flowers  to  dichogamy,  as 
retrograde  even  when  those  changes  are  of  distinct  advantage' for 
the  sexual  propagation  of  the  plant.  But  such  a  definition  of 
perfection  is  unnatural. 

But  even  apart  from  any  definition  of  perfection  in  a  floral 
mechanism,  nothing  can  be  more  unnatural  than  to  assert  that 
there  is  only  one  course  of  evolution  or  only  one  path  towards 
perfection  in  the  structure  of  flowers. 

As  in  regard  to  conspicuousness,  odour,  or  production  and 
concealment  of  food  material,  so  also  in  favouring  or  insuring 
cross-fertilisation,  there  is  an  infinite  variety  of  means  to  the 
end.  In  flowers  which  receive  abundant  insect-visits  cross-fertilisa- 
tion has  been  insured  sometimes  by  reversion  to  dicliny,  sometimes 
by  dichogamy,  sometimes  by  distant  separation  of  the  stigma  and 
pollen  m  the  flower,  sometimes  by  a  special  mechanism  causing 
the  pollen  to  adhere  to  the  insect  and  afterwards  to  the  stigma  of 
the  next  flower.  Dichogamy,  though  usually  proterandious,  is 
proterogynous  even  in  many  entomophilous  flowers  (Aristolochia 
biconyvms,  many  Rosacea),  in  spite  of  Axell's  statement  to  the 
contrary.    The  separation  in  space  of  the  essential  organs  may 

of  thP  n  r6  i d  ri111  fl0W6rS  °f  a  SPecies'  OT  the  relations 
o  the  parts  may  be  different  in  different  flowers  ;  but  in  all  cases 
the  relative  positions  of  the  parts  are  closely  connected  with  in- 

crl  I Tv  ,  fche.f0rmer  case>  ^  all  the  flowers  are  alike, 
cross-fertihsation  is  insured  either  if  the  same  part  of  the  insect 
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visitor  always  comes  in  contact  first  with  the  stigma  and  after- 
wards with  the  anthers  (Anthericum,  Convallaria  majalis,  Lonicera 
Caprifolium,  many  Labiatae,  etc.),  or  if  in  each  flower  any  part 
of  the  proboscis,  body,  or  head  of  the  insect  touches  the  stigma 
while  at  the  same  time  the  opposite  side  touches  the  anthers 
(Myosotis,  Onvphalodes,  Ribcs  nigrum,  Berberis,  Cruciferce,  etc.). 
When  the  flowers  are  not  all  alike,  that  is  to  say  in  dimorphic 
{Primula,  Hottonia,  Palmonaria,  Polygonum  fagopyrum)  or  tri- 
rnorphic  (Lythmtm)  plants,  cross-fertilisation  is  insured  if  the  insects 
touch  the  anthers  and  stigma  with  different  parts  of  their  bodies, 
but  touch  the  stigma  with  that  part  which  touched  the  anthers  in 
a  previous  flower. 

The  mechanisms  for  applying  pollen  to  a  particular  part  of  the 
insect  are  astonishingly  various ;  from  the  nature  of  the  case  they 
can  be  the  more  easily  attained  the  more  the  circle  of  visitors  is 
restricted  to  a  few  definite  forms  by  concealment  of  the  honey. 
As  examples  of  these  multitudinous  arrangements  we  may  recall 
the  flowers  of  Ericaceae,  Scrophulariaceae,  Boragineae,  and  Galanthus, 
in  which  pollen  is  sifted  on  to  the  insect ;  the  infinite  number  of 
devices  in  Orchideae  ;  and  the  somewhat  similar  mechanism  of 
Asclepiadaceae ;  the  flowers  of  Papilionaceas,  FumariaceaB,  and 
of  Lopezia,  in  all  of  which  the  insect  involuntarily  opens  the 
pollen-receptacle  and  dusts  itself  ventrally  with  pollen;  Salvia, 
in  which  the  mechanism  is  reversed  and  the  insect's  back  receives 
the  pollen;  lastly,  the  simple  device  of  the  flexible  stamens  in 
Veronica  Chamcedrys  and  Circcea, 

The  mechanisms  which  have  been  discussed  in  this  book  are 
only  an  infinitesimal  fraction  of  the  vast  variety  that  exists.  They 
arose  quite  independently  and  at  various  times  in  the  various 
divisions  of  those  Phanerogams  which  had  become  entomophilous 
and  monoclinic.1  They  have  in  general  become  developed  only 
where  increasing  conspicuousness  and  a  large  supply  of  food  material 
attracted  so  many  insects  that  the  capability  for  self-fertilisation  be- 
came unnecessary  ;  on  the  other  hand,  where  insect-visits  remained 
few  the  power  of  self-fertilisation  (which  began  with  the  appearance 
of  hermaphroditism)  was  retained.    Where  cross-fertilisation  that 

i  The  mechanisms  for  insuring  cross-fertilisation  in  Umbelliferffi  and  in  Com- 
Dosite  have  been  inherited  from  the  ancestors  of  the  order  ;  those  m  the  various 
Sea  of  Iquilegia,  Delphinmm,  Lmaria,  and  Pedicular,*,  from  the  ances tc n  o  the 
species  oi  sui  '    ■'  ?    faaovvrum,  P.  Bistorta,  and  Lonicera  Caprifohum,  horn 

^TriJ^oftSSKOTS.  different  forms  of  flowers  in  Minanihm  crista- 
^ttl^S^  vSSrOdLuea  serotma,  -Mphromt  officinalis,  and  T^vmchm 
itgalS^  Spies  of  various  aoral.characters  being  evolved  within  the  bounds 
of  one  and  the  same  species. 
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had  once  been  insured  becomes  uncertain  owing  to  the  competition 
of  other  flowers  (e.g.  Malva  rotundifolia,  species  of  Geranium),  or 
owing  to  the  unfavourable  locality  (cf.  Zysimachia  nemorum)  or 
unfavourable  weather  (cf.  Veronica  Beccabunga),  the  mechanisms  of 
the  flowers  have  in  many  cases  undergone  a  change  such  as  to 
render  self-fertilisation  again  possible ;  in  a  few  cases  reversion  to 
anemophily  has  taken  place  (Artemisiacese,  Thalictrum).  As 
examples  of  the  countless  ways  in  which  plants  revert  to  self- 
fertilisation  in  default  of  sufficient  insect-visits,  I  may  mention  the 
following : — In  some  dichogamic  flowers  the  stigmas  curl  back  upon 
the  anthers  or  other  parts  which  still  retain  some  pollen  (Stellaria 
graminca,  Malva  rotundifolia,  species  of  Geranium,  Composite) ; 
the  stigmas  sometimes  curl  back  till  they  come  in  the  line  of  fall  of 
the  pollen  (Melampyrum  pratense)  or  even  place  themselves  between 
the  anthers  (Bhinanthus  minor) ;  anthers  which  stand  in  a  ring 
round  the  stigma  may,  in  default  of  sufficient  insect-visits,  con- 
verge above  the  stigma,  applying  their  pollen  to  it  (Myosotis, 
Lithospermum,  Cruciferse) ;  even  mechanisms  which  effect  cross- 
fertilisation  with  astonishing  precision  in  case  of  insect-visits  are 
not  unfrequently  transformed  so  as  to  render  self-fertilisation 
inevitable  when  insect-visits  are  few  (certain  Orchideae,  Fuma- 
riaceaB,  Salvia);  or  the  production  of  cleistogamic,  self-fertilised 
flowers  may  compensate  for  the  loss  of  the  power  of  self-fertilisation 
in  the  ordinary  flowers  ( Viola). 

Unlike  Axell,  who  brings  his  book  to  a  conclusion  bv  saying 
"  We  see  thus  that  the  development  of  mechanisms  for  fertilisation 
m  Phanerogams  has  gone  on  and  still  goes  on  in  the  same 
direction,"  i  I  should  say  :  The  dependence  of  entomophilous  flowers 
on  guests  so  infinitely  various  in  habits,  tastes,  and  numbers  in 
their  food  and  in  the  means  of  obtaining  it,  must  have  rendered 
Possible  not  one'  but  countless  paths  towards  perfection,  paths 
leading  not  always  forwards  but  sometimes  backwards;  and  only  in 
such  a  way  could  the  infinite  variety  of  existing  flowers  have 
come  into  existence. 


My  brother  Fritz  Muller  has  sent  me  the  following  instances 
of  the  general  principle  that  whenever  in  a  variable  species 

other ZT™  Vl  d  wnitG  Waj'  th6n  that  Sdecti0n>  to 
other  re tons,  W1U  lead  to  a  continued  increase  of  the  variation 

in  the  same  direction  from  generation  to  generation 
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"  (1)  In  maize  cultivated  at  Itajahy,  the  grains  stand  for  the  most  part  in 
twelve  or  fourteen  rows,  not  unfrecpiently  in  ten,  rarely  in  eight  or  sixteen,  and 
very  rarely  in  eighteen  rows.  In  more  than  100  ears  which  I  bought  for 
sowing  in  1867  I  found  only  one  of  eighteen  rows.  This  ear  produced  next  year 
205  ears,  among  which  were  twenty-two  with  eighteen  rows,  besides  one  which 
had  eighteen  rows  in  the  upper  part  and  twenty  in  the  lower,  and  one  which 
had  eighteen  at  the  top,  twenty  in  the  middle,  and  twenty -two  at  the  bottom. 
Next  year,  1868-69, 1  had  460  ears  obtained  from  seeds  out  of  ears  with  eighteen 
rows  ;  and  of  these  460,  18-2  per  cent,  bore  eighteen  rows,  4  "4  per  cent,  bore 
twenty,  and  -2  per  cent,  bore  twenty-two.  In  the  following  year,  among  ears 
obtained  from  seed  out  of  ears  bearing  twenty-two  rows,  one  ear  occurred 
which  bore  twenty-six  rows. 

"  (2)  In  an  Abutilon  from  Capivary  the  normal  number  of  styles  is  ten.  A 
seedling  obtained  from  a  flower  with  nine  styles  had,  among  100  flowers,  two 
with  seven  styles,  and  twenty-seven  with  eight ;  while  in  100  flowers  upon  the 
mother-plant  there  were  only  three  with  eight,  and  none  with  seven  styles. 

"  (3)  In  Abutilon  there  occur  sometimes,  but  very  rarely  in  most  species, 
flowers  with  six  petals. 

"  From  seed  obtained  from  anhexamerous  flower  of  the  hybrid  EF,1  fertilised 
with  pollen  from  a  pentamerous  flower  of  the  variety  F,  a  plant  was  reared 
(EF.F)  which  I  watched  for  three  weeks  (August  17  to  September  6,  1869) 
counting  the  petals  upon  all  the  flowers  that  appeared  on  it.  It  bore  in  the 
three  weeks  : — 

Flowers  with  5  petals  ....  145 
Ditto  „  6  „  ....  103 
Ditto       „    7     „         ....  13 

"  At  the  same  time  I  watched  another  plant  descended  from  pentamerous 
parents  of  the  same  varieties  as  those  of  the  former  (but  obtained  by  pollen  of 
the  hybrid  EF  applied  to  the  stigma  of  the  pure  species  F).  It  bore  in  the 
three  weeks  : — 

Flowers  with  5  petals  ....  454 
Ditto  „  6  „  .  6 
Ditto       „    7     „         ....  0 

"  The  simplest  explanation  of  these  facts  seems  to  be,  that  each  species  has 
the  property  of  varying  within  a  certain  amount :  crossing  of  different  in- 
dividuals so  long  as  no  selection  is  made  in  a  definite  direction,  suffices  to  keep 
the  middle  point  fairly  constant,  about  which  the  variations  oscillate  ;  and  so 
the  extremes  also  remain  constant.  But  if  the  tendency  to  vary  in  either 
direction  is  aided  by  natural  or  artificial  selection,  then  our  middle  point  is  as 
it  were  shifted  to  that  side  and  kthe  extremes  of  oscillation  are  also  shifted 
towards  the  same  side." 


Since  the  first  appearance  of  this  work  (1873)  I  have  discussed 
in  a  series  of  essays  the  question  of  the  Origin  of  Flowers  and  the 

i  E  indicates  the  Abutilon  called  Embira  Irancs,  by  (he  Brazilians;  F,  an 
Abutilon  from  Pocinho  (see  No.  557)  \  EF  implies  the  hybrid  produced  by  pollen  ot 
F  applied  to  the  stigma  of  E. 
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gradual  attainment  of  their  special  characters.    I  may  now  close 
this  book  with  a  summary  of  my  chief  conclusions.  The  good  effect 
of  cross-fertilisation  may  be  recognised  not  only  in  the  structure  of 
insect-fertilised  flowers,  but  also  in  the  water-fertilised  and  wind- 
fertilised  plants  which  preceded  them.   Even  in  the  lowest  algse  we 
find  cross-fertilisation,  to  effect  which  two  individuals  move  towards 
each  other  in  the  water  by  means  of  a  cilium.   In  a  higher  grade  we 
find  the  two  individuals  differentiated,  one  losing  its  motility,  and 
increasing  in  size  to  form  an  ovum,  while  the  other  (sperm-cell 
or  antherozooicl)  retaining  its  primitive  motile  form  swims  about  in 
quest  of  the  ovum.    This  mode  of  cross-fertilisation  is  retained  not 
only  by  all  cellular  cryptogams  (except  the  Floriclece  or  red  sea- 
weeds, whose  tailless  antherozooids  are  moved  passively  in  the 
current)  but  also  by  all  vascular  cryptogams.    With  the  change  to 
dry  localities,  where  even  occasional  moisture  sufficient  for  the 
migration  of  the  antherozooids  is  not  attainable,  the  vascular 
cryptogams  seem  to  have  developed  wind-fertilised  unisexual 
flowers ;  ^  thus,  first  the  Gymnosperms,  and  from  these  afterwards 
the  Angiosperms  have  arisen. 

Finally  from  the  wind-fertilised  Angiosperms,  entomophilous 
flowers  arose,  as  insects  came  first  accidentally  and  afterwards 
regularly  to  seek  their  food  on  flowers,  and  as  natural  selection 
fostered  and  perfected  every  change  which  favoured  insect-visits 
and  thereby  aided  cross-fertilisation.     With  the  transition  to 
insect-fertilisation  came,  on  the  one  hand,  great  economy  of  pollen, 
but,  on  the  other  hand,  the  uncertainty  of  insect-visits  made  it  as 
a  rule  necessary  that  self-fertilisation  should  remain  possible. 
Thus,  though  descended  from  unisexual  (anemophilous)  ancestors 
entomophilous  flowers  are  usually  hermaphrodite,  and  are  capable 
to  a  great  extent  of  fertilising  themselves  when  insect-visits  fail 
But  m  the  course  of  further  development,  many  of  them  have  so 
increased  their  means  of  attracting  insects  (by  colour,  perfume 
honey,  etc.),  that  the  power  of  spontaneous  self-fertilisation  has 
become  superfluous  and  finally  has  been  lost. 

Insects  in  cross-fertilising  flowers  endow  them  with  offspring 
which  in  the  struggle  for  existence  vanquish  those  individuals  of 
the  same  species  which  are  the  offspring  of  self-fertilisation.  The 
insects  must  therefore  operate  by  selection  in  the  same  way  as  do 
unscientific  cultivators  among  men,  who  preserve  the  most  pleasino- 
or  most  useful  specimens,  and  reject  or  neglect  the  others.  In 
both  cases,  selection  in  course  of  time  brings  those  variations  to 
perfection  which  correspond  to  the  taste  or  to  the  needs  of  the 


Q  Q 
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selective  agent.  Different  groups  of  insects,  according  to  their 
sense  of  taste  or  colour,  the  length  of  their  tongues,  their  way 
of  movement  and  their  dexterity,  have  produced  various  odours, 
colours,  and  forms  of  flowers ;  and  insects  and  flowers  have 
progressed  together  towards  perfection. 

The  transition  from  wind-fertilisation  to  insect-fertilisation  and 
the  first  traces  of  adaptation  to  insects,  could  only  be  due  to 
the  influence  of  quite  short-lipped  insects  with  feebly  developed 
colour-sense.  The  most  primitive  flowers  are  therefore  for  the 
most  part  (except,  for  instance,  Salix)  simple,  widely  open,  regular, 
devoid  of  honey  or  with  their  honey  unconcealed  and  easily 
accessible,  and  white  or  yellow  in  colour  (e.g.  most  Umbelliferce  and 
Alsinece,  many  Eanunculacece  and  Jtosacece. 

The  carrion-loving  Flies  were  from  the  first  marked  out  by 
their  peculiar  tastes  to  produce  certain  peculiar  flowers.  Preferring 
those  colours  and  odours  which  guided  them  to  their  primitive 
food,  they  produced,  wherever  they  got  special  influence,  dull, 
yellowish,  or  dark-purple  colours,  often  accompanied  with  a  putrid 
smell.  The  stupidity  of  flies  also  favoured  the  production  of  cer- 
tain contrivances  to  insure  crossing,  e.g.  the  prison-flowers  of  Arum 
and  Arisiolochia,  the  traps  of  Pinguecula  alpina,  Cynanchum,  and 
Stapelia,  or  the  deceptions  of  Paris,  Ophrys,  and  Parnassia. 

Gradually,  from  the  miscellaneous  lot  of  flower-visiting  insects, 
all  much  alike  in  their  tastes,  there  arose  others  more  skilful  and 
intelligent,  with  longer  tongues  and  acuter  colour-sense ;  and  they 
gradually  caused  the  production  of  flowers  with  more  varied 
colours,  honey  invisible  to  or  beyond  the  reach  of  the  less  intel- 
ligent short-tongued  guests,  and  various  contrivances  for  lodging, 
protecting,  and  pointing  out  the  honey. 

Lepidoptera,  by  the  thinness,  sometimes  (SphingicloS)  by  the 
length  of  their  tongues,  were  able  to  produce  special  modifications. 
Through  their  agency  were  developed  flowers  with  long  and  narrow 
tubes  whose  colours  and  time  of  opening  were  in  relation  to  the 
tastes  and  habits  of  their  visitors.  We  may  thus  distinguish  flowers 
adapted  for  butterflies  (Bianthus  deltoides  and  many  Silcnem),  or  for 
moths  (Platanthera) ;  for  diurnal  hawk-moths  (Gentiana  bavanca 
0  verna),  for  nocturnal  hawk-moths  (Lonicera  Caprifohum) ;  am 
intermediate  stages  {e.g.,  Crocus  vernus).  The  acute  sense  of  smell 
in  Lepidoptera  reveals  itself  in  the  aromatic  scent  ot  links, 
Niqritella,  Daphne  striata,  etc.,  and  the  colour-sense  of  butterflies 
is  shown  in  the  flowers,  usually  red  and  prettily  marked,  which 
are  due  to  them. 
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The  Ichneumonidce  at  first  surpassed  all  other  visitors  in  obser- 
vation and  discernment,  and  they  were  thus  able  to  produce 
inconspicuous  flowers  which  escaped  the  notice  of  other  visitors. 
On  the  appearance  of  sand-wasps  and  bees  these  inconspicuous 
flowers  were  banished  by  competition  to  the  less  frequented 
localities  (e.g.,  Zistera  to  shady  woods). 

The  Sand-wasps  (Sphcgidce)  apparently  took  the  place  to  a 
great  extent  of  the  Ichneumons,  and  produced  flowers  where 
organs  had  to  be  thrust  apart  (Papilionacese),  or  where  a  narrow 
cavity  had  to  be  entered  (Labiatse),  or  where  some  other  action 
similar  to  the  act  of  digging  had  to  be  performed.  Subsequently 
bees  seem  to  have  entered  on  joint  possession  of  most  of  these 
flowers,  and  to  have  added  special  adaptations  of  their  own. 

The  true  Wasps  ( Vespidce)  could  establish  themselves  by  the 
fear  of  their  sting  (and  of  their  jaws)  in  sole  possession  of  certain 
flowers  with  wide  open  mouths  and  abundant  honey.  These  they 
developed  farther  in  relation  to  their  wants  (Scrophularia,  Sym- 
phoricarpus,  Epipactis  latifolia,  Zonicera  alpigena);  but  where 
wasps  are  scarce  the  flowers  are  utilised  by  other  insects. 

Bees  (Apidce),  as  the  most  skilful  and  diligent  visitors,  have 
played  the  chief  part  in  the  evolution  of  flowers ;  we  owe  to 
them  the  most  numerous,  most  varied,  and  most  specialised  forms. 
Flowers  adapted  for  bees  probably  surpass  all  others  together  in 
variety  of  colour.  The  most  specialised,  and  especially  the  gre- 
garious bees,  have  produced  great  differentiations  in  colour,  which 
enable  them,  on  their  journeys,  to  keep  to  a  single  species  of  flower. 
While  those  flowers  which  are  fitted  for  a  miscellaneous  lot  of 
short-lipped  insects  usually  exhibit  similar  colours  (especially 
white  or  yellow)  over  a  range  of  several  allied  species,  the  most 
closely  allied  species  growing  in  the  same  locality,  when  adapted 
for  bees,  are  usually  of  different  colours  and  can  thereby  be 
recognised  at  a  glance  {e.g.,  Trifolium,  Zammm,  Teucrium, 
Pedicularis). 

Some  Drone-flies  (Syrphidce)  also,  which  admire  bright  colours 
and  are  themselves  brightly  adorned  (Ascia,  Melanostoma, 
bphegma,  etc.),  have  produced  special  flowers  suited  to  their 
tastes,  which  they  mainly  fertilise  (Saxifraga  rotundifolia,  S 
umbrosa,  etc.) ;  sometimes  we  even  find  a  special  and  simple 
mechanism  adapted  for  them  ( Veronica  Ckamcedrys). 

The  power  to  distinguish  red,  violet,  and  blue  colours  must 
have  been  acquired  to  a  certain  degree  by  flesh-flies  and  carrion- 
thes  m  seeking  their  natural  food ;  but  in  other  flower-loving 
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insects  this  power  seems  only  to  have  arisen  with  the  habit  of 
visiting  flowers,  and  to  have  increased  pari  passu  with  the  taste 
for  flowers  and  with  the  length  of  the  proboscis.  On  the  whole 
we  find  red,  violet,  and  blue  colours  appearing  for  the  first  time 
in  flowers  whose  honey  is  quite  concealed  and  which  are  visited 
by  more  or  less  long-tongued  insects  (bees,  long-tongued  flies, 
Lepidoptera),  or  else  in  flowers  visited  for  the  sake  of  their  pollen 
chiefly  by  bees  and  drone-flies  (Hepatica  triloba,  Verbascum 
phomiceum). 

The  forms,  colours,  and  odours  of  the  flowers  in  a  particular 
region  must  depend  in  the  closest  manner  upon  the  insect  fauna 
of  the  region,  and  especially  upon  the  relative  abundance  in  it  of 
the  various  classes  of  insects.  This  conclusion  is  in  complete 
accordance  with  the  following  comparison  of  my  observations  on 
the  Alps  and  in  North  Germany.  On  the  Alps,  Hymenoptera  and 
especially  bees  are  relatively  much  less  numerous  and  Lepidoptera 
much  more  numerous  than  in  Low  Germany. 

I  have  observed  upon  flowers : — 


1.  In  Low  Germany. 

2.  On  thb  Alps 
generally. 

3.  Above  the  Limit 
of  Trees. 

o.  Species 
of  Insects. 

b.  Visits 
observed. 

a.  Species 
of  Insects. 

b.  Visits 
observed. 

a.  Species 
of  Insects. 

b.  Visits 
observed. 

Coleoptera  

129 

409 

83 

337 

33 

134 

Diptera 

253 

1,598 

348 

1,856 

210 

930 

Hymenoptera 

368 

2,750 

183 

1,382 

88 

519 

(Apidse)   

(205) 

(2,191) 

(120) 

(1,141) 

(49) 

(402) 

Lepidoptera 

79 

365 

220 

2,122 

148 

1,190 

Other  Insects 

14 

49 

7 

15 

3 

6 

Total  . . . 

843 

5,231 

841 

5,712 

482 

2,779 
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Of  each  1,000  different  visits  observed  (differing  either  in  the 
species  of  flower  visited  or  the  species  of  insect  visiting  it)  there 
are  therefore  : — 1 


1 .  In  Low 
Germany. 

2.  On  the  Alps. 

3.  Above  the 
Limit  of  Trees. 

Coleoptera   

89-6 

59-0 

48-2 

Diptera 

305-5 

324-9 

334-6 

Hymenoptera ... 

525-7 

242-0 

186-8 

(Apidee)   

(413-1) 

(200*0) 

(144-6) 

Lepidoptera  ... 

69-8 

371-5 

428-3 

Other  Insects  

9-4 

2-6 

2-1 

Total  ... 

1,000-0 

1,000-0 

1,000-0 

1  Cf.  Nature,  vol.  xxi.  p.  275,  1880. 
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Abies,  95 

Abutilon,  557,  558 

Acer,  117,  140,  499 

Achimenes,  390 

Acianthus,  130 

jEchmanthera,  696 

Agrimonia,  332 

AUanthus,  495 

Alisma,  332 

Alnus,  19 

Aloineoe,  32 

Alsinese,  426,  427,  441 

Amaryllidacea?,  334,  746 

Ambrosia,  252 

Amygdalus,  525 

Anagrsecum,  91,  256,  537,  571 

Anchusa,  544 

Andromeda,  508 

Anthurium,  177 

Apocynum,  23,  45 b,    292,    411,  432, 
443 

Aponogetum,  367 
Aquilegia,  512,  732 
Arachis,  81,  82 
Aralia,  471 
Arbutus,  533 
Argemone,  358 
Aristolochia,  349,  374,  407 
Arnebia,  135 

Aroideaj,  7 a,  46,  107,  199,  200,  201,  381, 

596,  688,  689 
ArtemisiaceEe,  185 
Asarum,  177,  662 

Asclepias,  45B,  71,  90,  114,  115,  146, 
347.  361,  389A,  408,  410,  542, 
651,  652,  741,  768 
Asparagus,  106 
Aspidistra,  1 18 
Asteracete,  124 

Baptisia,  26 
Batatas,  653 
Bats,  546 

Begonia,  555 a,  555  u 
Berbens,  241 

Bignoniacete,  45A,  551,  701 


Bilbergia,  796 

Birds,  45A,  56,  234,  287,  576,  630,  652A, 

73i.  735 
Bouatea,  745,  764 
Bonvardia,  24 
Boronia,  315  a 
Bromus,  371 
Browallia,  289,  484 
Bryonia,  698 
Bryophyllum,  177 
Bunchosia,  560 
Butomus,  112 

CLesalpinia,  335 

Caffea,  224,  232 

Cajophora,  177 

Calamintha,  734 

Calanthe,  543 

Calceolaria,  332 

Calonyction,  359 

Calycanthus,  177,  498 

Campanula,  312A,  491,  782A,  782B 

Canna,  204,  237 

Capparis,  656 

Caprification,  140,  416A,  439,  460,  564, 
621,  677,  700,  760,  769A,  794,  803, 
805-814 

Capsella,  332,  497 

Cardamine,  296 

Carludovica,  239 

Carya,  504 

Caryophyllese,  40 

Cassia,  413,  564A,  725 

Castanea,  456,  470,  511,  687 

Catasetum,  29,  155 

Centaurea,  611,  619 

Centrostema,  729 

Cephaelis,  33 

Cerastium,  40 

Ceratozamia,  100 

Cereus,  678 

Cliamissoa,  555,  55 5 a 

Chrysanthemum,  486 

Circaja,  332 

Cistinea3,  12,  13 

Claytonia,  485 


1  Sea  Prefatory  Note  to  "  Bibliography,"  p.  609. 
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Cleistogamy,  40,  79,  99>  104,  217,  222, 

318.  373.  4i7>  423,  424.  429.  45S. 

507.  534.  540.  561,  623A,  659,  718, 

786 
Clebnra,  36 
Clitoria,  729 
Cobsea,  27,  52,  226,  227 
Collomia,  423,  424,  685 
Colour,  3,  4,  15,  16,  102,  103,  105,  142, 

205,  365>  422,  548,  583,  600,  618,  620, 

682,  690,  710 
Composite,  181,  357 
Comptonia,  19 
Conifers,  177,  1S4 
Conophallus,  48,  i9i 
Convolvulus,  3i9 
Coronilla,  244 
Coryanthes,  658,  804 
Corydalis,  74,  310,  350 
Cory  1  us,  i9,  62,  66,  211,  306,  312,  577, 

770 

Cratoxylon,  213 
Crinum,  177 
Crocus,  327 
Croton,  520 
Ciucilene,  366,  608 
Cucurbita,  264 
Cymbidium,  640 
Cynarete,  661 
Cynorchis,  537 
Cypripediuru,  565 
Cyrtostylis,  130 
Cytisus,  323,  324 

DiEDALACANTHTJS,  696 

Danthonia,  455 
Datisca,  541 
Dianthus,  71,  607 
Dictamnus,  315,  330 
Digitalis,  56 

Dimorphism,  24,  33,  S3,  86,  89,  134, 
154,  156,  157,  160,  167,  1S6,  203,  213, 
224,  225,  282,  285,  296,  319,  336,  338, 
339,  34°,  342,  3S9.  393,  402,  426,  427, 
447,  478,  495,  501,  504,  506,  531,  532, 
545.  554.  605,  636,  640,  684,  692,  696, 
724,  800 

Disa,  744,  766 

Disemma,  691,  694 

Disparis,  765 

Draba,  497,  519 

Dracoena,  452 

Dracunculus,  7 

Drosera,  71 

Duvcrnoia,  35 

Epidendrum,  553,  555A 
Epigsea,  285,  463,  760A 
Epilobium,  45B,  147 
Epipaetis,  565 
Kpipogium,  676 
Eranthemum,  12,  402,  695 
Eremurus,  367,  612 


Erica,  591,  592,  633 
Enophorum,  203 
Erodium,  433,  434,  438 
Erythrsea,  780 
Erythrina,  56 

Eschseholtzla,  358,  550,  553 
Eucorida,  628 
Euphorbia,  46S,  697A,  726 
Euryale,  800 

Fa  ba,  492 
Faraniea,  553,  554 

Ficus,  140,  416A,  439,  460,  564,  621, 

677.  700,  740,  769A,  794 
Florideaj,  205 
Forsythia,  280A 
Fragaiia,  680 

Fuinariacese,  74,  141,  163,  214,  332,  350, 
358,  530,  536,  575 

Gazania,  801 
Gelsemium,  282 
Genista,  326 

Gentiana,  42,  121,  479,  582,  753 

Geonoma,  239 

Geranium,  229,  295 

Gerardia,  21,  22,  25,  789 

Gesneria,  632 

Geum,  774 

Gingko,  516 

Gladiolus,  9 

Glaucium,  35S 

Glaux,  332 

Glechoma,  308,  574,  636 

Glossostigma,  132 

Gloxinia,  235 

Gnaphalium,  709 

Goethea,  177 

Goldfussia,  541A 

Goodeniaceoe,  162 

Goodenovire,  84 

Gossypium,  197,  73° 

Graminere,  14,  65,  67A,  98,  123,  1S0,  212, 
269,  300,  301,  332,  363,  367,  371,  415, 
416,  440,  627,  659,  672,  673,  674  706, 

707.  759,  777.  785 
Gymnadenia,  274,  277 
Gymnosperms,  712 

Habenaiua,  274,  277,  454,  767 
Hedera,  471 
Heeria,  606 

llelianthemum,  12,  13,  531 
Helleborus,  314 
Hemeroeallis,  30 
Hesperidaj,  562 
Heteranthera,  564A 
Himantoglossum,  361 
Hordeum,  332,  371,  785 
Houstouia,  506 
Hoya,  623A,  699,  715 
Hyoscyanius,  442 
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Jmhauba,  563 

Impatiens,  45 a,  72,  79,  332,  417,  475,  733 
hidigofera,  323,  325 

Jocroma,  177 
Juglans,  1S6,  504,  659A 

JUQCUS,  10,  II,  39,  II9 

Justicia,  113A 

Kalmia,  313 

Lagerstrcemia,  564A 
Laniiuin,  72A,  332,  759 
Lantana,  560 
Larix,  177 
Leersia,  212,  696 
LeschenauLtia,  17  A,  162 
Lilium,  24S,  482,  641 
Limodorum,  258,  644 
Linaria,  524 

Linum,  1,  157,  332,  339,  34°,  648,  750 
Liparis,  34 
Listrostachys,  537 
Lithospermuru,  89 
Loaseae,  628 

Lobelia,  240,  304,  558,  727,  751 

Lopezia,  461 

Lotus,  243 

Lupiuus,  414 

Luzula,  464 

Lychnis,  698 

Lythrum,  4513,  158,  393,  394 

Macrostamia,  135 
Malva,  71,  332 
Malvastrum,  122 
Marantacere,  175,  629 
Marcgravia,  56,  783,  784 
Martha,  549 
Matricaria,  633 
Maxillaria,  663 
Medicago,  322,  323,  332,  747 
Melampyrum,  632 
Melastoma,  255 
Melochia,  225 
Mentzelia,  487,  488 
Meyenia,  444 
Mimulus,  38,  4SB,  iosa 
Mitchella,  465,  501 
Molinia,  440 
Monochoria,  389 
Musk,  390 
Myosurus,  177,  616 

Nectaries,  51,  92,  92A,  125,  187,  190, 
366,  401,  608,  653,  654,  65S,  655A, 
656,  73°,  779,  783,  784,  787A 

Nepetn,  451s,  72A,  308,  594,  636' 

Nes;ea,  788A 

Nicotiana,  250 

Nomimuni,  524 

Nyctaginia,  281 

Oncidium,  558,  693 

Ophrys,  60,  136,  265,  332,  529,  586,  684 


Orchids,  5,  6,  29,  34,  35,  63,  77,  91, 
113,  114,  115,  129,  133,  136,  139,  144, 
149,  iSS,  I55A,  159,  165,  238,  247, 
253,  265,  266,  267,  272,  273,  274,  276, 
277,  332,  337.  344,  361,  453,  454,  S22, 
S27.  529,  537,  538,  543,  543A,  552, 
565,  57i,  576,  586,  637,  647,  663,  675, 
684,691,  694,697,  719,  743,  744,  745, 
764,  765,  766,  767,  768,  769,  792, 
793 

Origanum,  632 
Oryza,  759 

Oxalis,  79,  332,  348,  362,  507,  524,  738 

Paliurtjs,  177 
Palrnee,  47,  177 
Papaver,  358,  369 

Papilionacese,  151,  152,  169,  242,  404, 

492,  633,  655A 
Parnassia,  64 

Passifiora,  478,  558,  691,  694 
Pastinaca,  251,  518,  737A 
Pavonia,  318 

Pedicularis,  263,  476,  632 
Pelargonium,  198,  294,  297,  332,  798 
Pentstenion,  230 
Peplis,  394 

Phaseolus,  57,  209,  240,  368,  633 
Philotheca,  3 15  A 
Physianthus,  638,  700A 
Physostegia,  446 
Pinguicula,  332,  781 
Pisum,  404,  633 

Plantago,  45B,  14S,  425,  429,  430,  431 
Platanthum,  274 
Podostomaceaj,  561 
Pogonia,  697 
Poinsettia,  726 
Polycarpon,  40 
Polygala,  303 
Polygonum,  233 
Pontederia,  412,  556,  560 
Portulaca,  87,  494 
Posoqueria,  293,  549,  788 
Primula,  97,  108,  no,  in,  154,  161, 
23i,  336,  340,  378,  384,  393,  398, 
_  447,  545,  585,  604A,  692 
Prmglea,  216,  372,  547 
Proteaeeoi,  85 
Prunella,  332 
Pterostylis,  129 
Pulmonaria,  338 
Pyxidanthera,  44 

Ranunculaceje,  723 
Panunculus,  485,  774 
Reinwardtia,  749 
Rhexia,  413A 
Rhiuacanthus,  177 
Rhinanthus,  332 
Rhodora,  367 
Rhus,  473 
Ribes,  120 
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Rosa,  797 
Roscoea,  445 
Rubiacere,  134,  233 
Ruellia,  696 
Ruscus,  58 

Sabal,  177 
Sabbatea,  760 
Sagina,  38 

Salvia,  332,  341,  345,  359,  445,  497,  631, 

650,  735 
Salvinia,  683 
Sapotaceas,  311 

Saxifraga,  210,  221,  604,  63OA,  722 
Scabiosa,  771 
Schizanthus,  346 
Scorzonera,  553 

Scrophularia,  45B,  2S0,  486,  632,  737,  77S 

Selliera,  131 

Slierardia,  605 

Silene,  780 

Siphocampylus,  346 

Solanum,  560,  725 

Smilacese,  193 

Snails,  437 

Sparganium,  761 

Sparmannia,  54m 

Spergula,  332 

Spira11tb.es,  144 

Stachys,  774 

Stapelia,  375 

Stapliylea,  486 

Stelis,  714 

Stellaria,  497,  605 

Stratiotes,  457 

Stylidium,  54  m 

Succisa,  449 

Symplocarpus,  728 

Syringa,  38,  605 

Tabern^emontana,  359 
Tacsonia,  691,  694 


Taraxacum,  486 
Teconia,  233 
Teucrium,  632 
Thalia,  645 
Thelymitra,  133 
Thymus,  632,  635 
Tillandsia,  802 
Torrenia,  28 
Tradescantia,  332 
Trichosanthes,  31 
Trichostoma,  377 
Trifoliuni,  55,  262,  299,  486 
Trigonella,  748 

Trimorphism,   2,   160,  343,  348,  362, 

393.  556 
Trioecism,  2,  106,  158 
Tulipa,  643 

Ulex,  633 
Utricularia,  44 

Vaccinium,  633 
Vandellia,  399 

Vanilla,  139,  543,  754,  541c,  S43A 
Verbascum,  161,  695 
Veronica,  8,  660,  708 
Vicia,  151,  152,  492 
Victoria,  775 

Vinca,  147A,  153,  636A,  781 

Viola,  70,  71,  79,  246,  307,  309,  332, 

391,  475,  524,  534,  622,  625,  718 
Vitis,  450,  451,  462 
Voandzeia,  81 

Wistaria,  264,  Sua,  679 

Yucca,  32,  37,  218,  219,  220,  405,  448, 
503,  514,  515,  521,  664,  667,  668,  669, 
670,  671,  681,  758 

Zea,  45  b 
Zostera,  138,  223 


INDEX  OF  INSECTS, 

WITH  REFERENCES  TO  THE  PLANTS  VISITED  BY  THEM. 

Abbreviations. — L.  =  Lippstadt ;  T.  =  Teklenburg,  Herr  Borgstette  : 
Sid.  =  Sauerland  ;  Th.  =  Tliuringia. 

Numbers  placed  in  brackets  after  an  insect's  name,  indicate  the  length  ot 
the  insect's  proboscis  in  millimetres. 

The  plants  visited  are  designated  by  the  numbers  which  they  bear  in  the 
third  section  of  this  book.  To  facilitate  reference,  the  first  syllable  of  the 
plant's  order  or  genus  is  also  given. 

Insects  useless  in  the  work  of  fertilisation  are  marked  thus,f ;  tbose  (equally 
useless)  which  bite  through  or  burst  open  the  flower  forcibly  are  marked  thus,*. 
Those  cases  in  which  the  insect  fails  to  obtain  the  honey  'or  pollen  which 'it 
seeks  are  marked  with  an  asterisk  (*). 


I.  COLEOPTERA  (129  species,  469 
different  visits). 

A.  Buprcstidce  (1  species,  4  visits). 

Anthaxia  nitidula,  L.,  L.,  Ran.  7  ;  Ros. 
•  153 ;  Comp.  225,  274. 

B.  Cerambycidce  (1  species,  80  visits). 

(Jlytusarietis,  L.,  L.,  Umb.  185,  Ros.  152, 

149,  135,  133. 

 mysticus,  L.,  L.,  Ros.  153. 

Grammoptera  lsevis,  F.,  L.,   List.  13; 

Corn.  197. 

 lurida,  F.,  L.  T.,  Corn.  197  ;  Umb. 

185. 

 ruficornis,  Fx.,  L.  T.,  Umb.  179, 

187,  186  ;  Ros.  153,  149,  138,  137. 
Leptura  livida,  F.,  L  T.,  List.  380  ; 

Umb.  179,  188,  184  ;  Ros.  135,  133  ; 

Convolv.  311  ;  Scab.  211  ;  Jas.  283  ; 

Comp.  225,  229,  233,  227,  217,  267. 

 ■  testacea,  L,  L.,  Comp.  225. 

Pachyta  collaris,  L.,  Th.,  Umb.  185. 
 oetomaculata,  F.,-Sld.T.  Siebengeb., 

Umb.  179,  181,  194,  185,  184  ;  Ros. 

134,  135,  130  ;  Scab.  211;  Comp.  229. 


Rhagium  inquisitor,  L.,  Shi.,  Umb.  194  : 
Ros.  148. 

Strangaliaarmata,  Hbst.  (S.  calcarata,  F.), 
L.  Sid.,  Corn.  197  ;  Ros.  148,  135, 
133  ;  Scab.  211  ;  Comp.  229. 

 atra,  F.,  L.  Sid.  T.„  Corn.  197; 

Ros.  149,  135  ;  Scab.  211  ;  Comp.  229. 

 attenuata,  L,  L.,  Corn.  197  ;  Ros. 

149,  130,  133  ;  Scab.  211  ;  Comp.  229, 
233. 

bifasciata,  Mull.,  Th.,  Umb.  191, 


195 


— - -melanura,  L.,  L.  Sid.,  Umb.  185  ; 
Ros.   135  ;   Scab.  211  ;    Comp.  253 
229,  231. 

— —  nigra,  L.,  L.  Sid.,  Umb.  194  ;  Ran. 
7,  Cist.  45  ;  Ros.  148,  135,  133  ;  Plant. 
368. 

Toxotus  meridianus,  L.,  Siebengeb.,  Scab. 
211 

C.  Chrysomclidcc  (17  species,  32 
visits). 

Adimonia sanguinea,  F.,  L.,  Ros.  152. 
Cassida  murraja,  L.,  L.,  Comp.  223. 

 nebulosa,  L„  L.,  Cruc.  33. 

Ceythra  oyanea,  F.,  L.,  Ros.  153. 
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Ceythrascopolina,  L.,  Th.,  Umb.  181, 191. 
Crioceris  12punctata,  L.,  L.,  Umb.  177. 
Crvptocephalus   Morsei,  L.,  L.,  Papil. 

108 ;  Comp.  267. 
■  sericeus,  L.,  Sid.  T.  Th.,  Umb. 

194,  185  ;    Ran.  7  ;    Hyperic.   68  ; 

Papil.  108+ ;  Scab.  211,  212  ;  Jas.  283  ; 

Comp.  258,  246,  225,  237,  267. 

 vittatus,  F.,  Sid.,  Papil.  108t. 

Donacia  dentata,  Hoppe,  L.,  Nuph.  19. 
Galeruca  calmeriensis,  F.,  T.,  Umb.  182. 
Haltica  fuscicornis,  L.,  L.,  Mai  v.  69. 

 nemorum,  L.,  L.,  Crucif.  33. 

Helodes  aucta,  F.,  L.,  Ran.  7. 

 phellandrii,  L.,   L.,   Umb.  188; 

Ran.  5. 

Luperus  flavipes,  L  ,  L.,  Ros.  148. 
Plectroscelis  dentipes,  E.  H.,  L.,  Crucif. 
33. 

D.  Cistelidce  (2  species,  9  visits). 

Cistelaruurina,  L.,  L.  T.,  Umb.  179,  185  ; 

Ran.  7  ;  Geran.  78;  Ros.  149,  133  ; 

Comp.  267. 
 rufipes,  F.,  L.,  Scroph.  324+. 

E.  Cleridm  (1  species,  5  visits). 

Trichodes  apiarius,  L.,  L.  T.  Th.,  All. 
392  ;  Umb.  179,  191,  194,  174  ;  Comp. 
229. 

F.  Coccinellidai  (6  species,  14  visits). 

Cocchiella  bipunctata,  L.,  L.,  Comp.  234. 

 mutabilis,  Scrib.,  Th.,  Comp.  255. 

 14punctata,  L.,  L.,  Umb.  190; 

Berberid.  18  ;  Cruc.  40  ;  Pain.  157  ; 

Ros.  151. 

 5punctata,  L.,  L.,  Comp.  234. 

 7punctata,    L.,   L.,    Umb.  190; 

Parn.  157  ;  Geran.  83  ;  Comp.  274. 
Exoch'omus auritus,  Scrib.,  L.,  Umb.  194 ; 

Comp.  225. 

G.  Cryptopliagidce  (1  species,  2  visits). 
Antherophagus  pallens,  01.,  L.,  Sid., 

Digit.  256+ ;  Camp.  278. 

H.  Curculionidcc  (18  species,  24  visits). 

Apion  columbinum,  Grm.,  L.,  Adoxa  198. 

 onopordi,  K.,  L.,  Chrysospl.  155. 

 varipes,  Grm.,  L.,  Chrysospl.  155. 

 spec,  L.,  Ros.  152. 

Brachus  sp.,  L.,  Umb.  177,  185  ;  Comp. 
248,  234. 

Ceutorhynchus pumilio,  Gylh.,  L.,  Cruc. 
33. 

 sp.,  L.,  Cruc.  35. 

Gymnetron  campanulas,  L.,  Sid.,  Camp. 
277. 

 graminis,  Gylh.,  Th.,  Camp.  282. 

Larinus  Jacese,  L.,  Th.,  Comp.  248,  246. 

.  senilis,  P.,  Th.,  Comp.  240. 

Nanophyes  lythri,  F.,  L.,  Lythr.  165. 


Otioiliynchus  ovatus,  L.,  L.,  Camp.  277. 

 picipes,  F.,  L.,  Corn.  197. 

Phyllobius  maculicornis.  Grm.,  L.,  Ros. 
152. 

Ph.  oblongus,  L.,  L.,  Umb.  177. 
Rhynchites  ajquatus,  L.,  L.,  Ros.  151. 
Spermophagus  cardui,  Schh.,  Th.,  Umb. 
179,  195  j  Comp.  276. 

I.  Darmcstidcc  (6  species,  44  visits). 

Anthrenus  claviger,  Er.,  L.,  Ros.  153, 
149,  132. 

 museorum,  L.,  L.,  Ros.  152,  133. 

 pimpinellte,  F.,  L.,  Umb.  173,  179, 

190,  194,  195,  186,  184,  174;  Cruc. 

38 ;  Rhus  88  ;  Ros.  153,  148,  149, 

138,  130,  132,  133  ;  Comp.  229. 
 scrophularue,  L.,  L.,  Umb.  186, 

184  ;   Ros.  148,  149,  153,  138,  132, 

133. 

Attagenus  pellio,  L.,  L.,  Berber.  18,  Ros. 

152,  153,  133. 
Byturus  funiatus,  F.  (including  B.  to- 

mentosus,  F.)  L.,  Corn.  197 ;  Ran. 

7,  8  ;  Gsran.  78  ;  Ros.  152,  134,  135, 

137,  133. 

K.  Elatcridcc  (16  species,  36  visits). 

Adrastus  pallens,  Er.,  L.,  Umb.  188. 
Agriotes  aterrimus,  L.,  L.,  Umb.  179, 
Ros.  152. 

 gallicus,  Lap.,   Th.,  Umb.,  195, 

183  ;  Rubiac.  206  ;  Comp.  248,  228. 

 sputator,  L.,  Th.,  Umb.  195. 

 ustulatus,  Schall.,  Th.,  Umb.  194, 

195  ;  Comp.  248,  153. 
Athous  niger,  L.,  L.,  Corn.  197;  Umb. 

179,  185  ;  Comp.  229,  234. 
Cardiophorus  cinereus,  Hbst.,  L.,  Ros. 

133. 

Corymbites  heeniatodes,  F.,  Siebe.ngeb., 

Umb.  194. 
 holosericeus,  L.,   L.,   Umb.  194 

Ros.  152  ;  Comp.  246. 

 quercus,  111.,  L.,  Umb.  185. 

Liacanthus  seneus,  L.,  L.,  Ros.  135. 
Dolopius  margin  atus,  L.,  L.,  Corn.  197  ; 

Ros.  152. 

Lacon  murinus,  L.,  L.,  Umb.  179,  185  ; 
Ros.  133. 

Limonius  cylindricus,  Payk.,  L.,  Ros.  152, 
135. 

 parvulus,  Pz.,  L.,  Cruc.  33  ;  Salix 

378  ;  Ros.  152. 
Synaptus  filiformis,  F.,  L.,  Umb.  185. 

L.  Hydrophilidoc. 
Cercyon  anale,  Pk.,  L.,  Cruc.  83. 

M.  Lagriidcc. 
Lagria  hirta,  L.,  L.,  Ros.  153. 


INDEX  OF  INSECTS. 


637 


N.  Lathridii. 

Corticaria  gibbosa,  Hbst.,  L.,  Cbrysospl. 
155. 

0.  Lamcllicornia  (6  species,  39  visits). 

Cetonia  aurata,  L.,  Sid.  Th.,  Umb.  179, 
193 ;  Crac.  32 ;  Eos.  152,  148,  149, 
130 ;  Rubiac.  206  ;  Sambuc.  199  ; 
Comp.  229. 

Hojxlia  philanthus,  Sulz.,  Sid.,  Umb. 
194  ;  Scab.  211. 

Melolontba  vulgaris,  L.,  L.,  Ros.  152, 
149. 

Phylloperthahorticoln,  L.,L.,  TJmb.  179  ; 

Ros.  148,  149,  133  ;  Caprif.  200. 
Trichius fasciatus,  L.,L.  Sid.,  Umb.  179, 
'    178,  187,  194,  195,  174  ;  Clem.  1  ; 

Thai.  2 ;  Ros.  135,  130,  131,  133  ; 

Caprif.  199  ;  Scab.  211  ;  Comp.  248, 

246,  229,  237  ;  Valer.  208. 
 nobilis,  L.,  L.,  Comp.  229. 

P.  Malacodermata  (13  species,  51  visits). 

Anthocomus  fasciatus,  L.,  L.,  Umb.  177, 

186  ;  Cruc.  34,  38  j  Ros.  148,  149  ; 

Plant.  362. 
Dasytes  flavipes,  P.,  L.,  Umb.  179,  181  ; 

Cruc.  38  ;  Umb.  82  ;  Ros.  138,  142, 

133  ;  Comp.  229. 

 pallipes,  Pz.,  Th.,  Umb.  195. 

 sp.,   L.,   Bry.    171f,   Ros.  149; 

Scroph.  323f. 
Malachius  seneus,  F.,  L.  T.,  Umb.  185, 

186  ;  Geran.  78  ;  Ros.  152  ;  Plant.  368  ; 

Comp.  229. 
 bipustulatus,  F.,  L.  T.  Sid.,  Umb. 

179,  185  ;  Cruc.  38  ;  Ros.  135,  138, 

133  ;  Papil.  119t,  Comp.  274,  260. 

 sp.,  L.,  Comp.  276. 

Telephorus  fuscus,  L.,  L.,  Umb.  179,  194, 

185. 

 lividus,  L.,  L.,  Umb.  -194,  185, 

186. 

 melanuras,  L.,  L.  Sid.,  Umb.  181, 

178,  190,  194;  Comp.  248. 

 pellucidus,  F.,  L.,  Corn.  197. 

 rusticus,  F,  L.,  Umb.  177,  185; 

Ros.  135. 
 tcstaceus,  L.,  L.,  Ros.  153. 

Q.  Mordcllidce  (9  species,  35  visits). 

Anaspia  frontalis,  L.,  L.,  Umb.  179,  186  ; 

Ros.  153,  148,  133. 

 maculata,  Fourc,  L.,  Ros.  133. 

 rufilabris,  Gylh.,T.,  Umb.  179;Ros. 

152. 

 ■  ruficollis,  F.,  L.,  Ros.  149. 

Mordella  abdominalis,  F.,  L.,  Ros.  153. 
 aculeata,  L.,  L.,  Umb.  179,  195  ; 

Ran.  7  ;  Ros.  148,  149,  138,  130,  133  ; 

Rubiac.  206  ;  Caprif.  200  ;  Comp.  248 


Mordella  fasciata,  F.,  L.,  Umb.  179,  178, 
194,  195,  185  ;  Rubiac.  206  ;  Comp. 
248,  229,  228,  265. 

■  pumila,  Gylh.,  L.,  Umb.  185  ;  Ran. 

4,  7. 

 pusilla,  Dej.,  L.,  Ran.  7. 

R.  Nitidulidae  (4  species,  65  visits). 

Cychramusluteus,F.,  Sid.  T.,  Umb.  179; 
Ros.  130. 

Epuraia,  sp.,  L.,  Umb.  185  ;  Cruc.  35  ; 
Ros.  152. 

Meligethes  sp.,  L.,  Lil.  394  ;  Cypriped. 
386*  ;  Corn.  197  ;  Umb.  190,  194,  185, 
186,  184,  174  ;  Nuph.  19;  Ran.  4,  7, 
8,  9,  11  ;  Papav.  20 ;  Cruc.  30,  35,  39  ; 
Salix  378  ;  Oxalis  75  ;  Cary.  65,  63  ; 
Lythr.  165  ;  Onagr.  167  ;  Ros.  151,  152, 
153,  148,  149,  135,  138,  139,  142,136, 
132,  133,  127,  128  ;  Papil.  Ill,  112  ; 
Convolv.  311f;  Bor.  300;  Scroph.  323f; 
Plant.  368  ;  Caprif.  200  ;  Scab.  211  ; 
Camp.  278,  280  ;  Comp.  229,  233,  217, 
236,  263,  274 ;  Valer.  209. 

Thalycra  sericea,  Er.,  L..  Com.  197  ; 
Umb.  194. 

5.  (Edemcridce  (3  species,  12  visits). 
Asclera  ccerulea,  L.,  L.,  Ros.  153. 
CEdemera  flavescens,  L.,  L.  Th.,  Umb. 

182. 

■  virescens,  L.,  L.  T.  Th.,  Umb.  183, 

194  ;  Ran.  7  ;  Cary.  65  ;  Ros.  135  ; 
Convolv.  311  ;  Ech.  310  ;  Jas.  283  •; 
Comp.  238,  217. 

T.  Phalacridcc  (3  species,  4  visits). 
Olibrus  wneus,  F.,  L.,  Cbrysospl.  155  ; 

Ros.  151. 

 affinis,  Sturm,  L.,  Cary.  67. 

 bicolor,  F.,  L.,  Scab.  211. 

U.  Staphylinidm  (2  species,  7  visits). 

Anthobium    spec,   Sid.,   Papil.   112  ; 

Camp.  277. 
Omalium  Morale,  Pk..    L.,   Cruc.   30  ; 

Cerast.  60  ;  Pulm.  304  ;  Prim.  288. 

V.  Tcncbrionidcc. 
Microzoum  tibiale,  F.,  L.,  Ros.  152. 


II.  DIPTERA  (253  species,  1598  different 
visits). 

Brachyceba  (232  species,  1557  different 
visits). 

A.  Asilidcc  (3  species,  3  visits). 
Dioctria  atricapilla,  Mgn.,  T.,  Ran.  7. 
 Reinhardi,  Wiedom.,   Sid.,  Umb. 
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Isopogon  brevirostris,  Fall.,  Sid.,  Umb. 
181. 

.  B.  Bombylidm  (9  species,  57  visits). 

Anthrax  flava,  Mgn.,  Sid.  Th.,  Umb. 

179,  175,  193,  194,  195  ;  Rubiac.  205  ; 

Comp.  248. 
— —  hottentotta,  L.,  Sid.,  Comp.  237. 

 maura,  L.,  Th.,  Urnb.  191,  192. 

Argyromceba  sirmata,  Fall.,  L.  T.,  Cruc. 

38  ;  Hyper.  68*. 
Bombylius  canescens,  Mik.,  Th.,  Hyper. 

68  ;  Comp.  267. 
 discolor,  Mgn.  (11—12),  L.,  Coryd. 

23t,  24f  ;  Cruc.   30  ;  Viol.  47,  48  ; 

Bor.  304  ;  Lab.  349  ;  Vinca,  293  ;  Prim. 

288. 

 major,  L.  (10),  L.  T.,  Umb.  182; 

Coryd.  23t,  24t ;  Cruc.  30  ;  Viol.  49  ; 

Salix  378,  379  ;  Eos.  150  ;  Bor.  304, 

306  ;  Lab.  362,  349  ;  Vinca,  293  ;  Syr. 

291  ;  Prim.  282  ;  Comp.  236. 
Exoprosopa  capucina,  F.,  L  ,  Scab.  212  ; 

Jas.  282  ;  Comp;  225. 
Systrochus  sulf'ureus,  F.,  Sid.  Th.,  Lin. 
'  74  ;  Malv.  72  ;  Ros.  143  ;  Papil.  100*, 

94f  ;  Scroph.  317,  330  ;  Lab.  344,  340  ; 

Rubiac.  205,  207  ;  Camp.  277  ;  Comp. 

229,  271,  272. 

C.  Conopidce  (13  species,  54  visits). 

Conops  rlavipes,  L.  (4—5),  L.  Sid.  T., 
Papil.  90t  ;    Phlox,  299  ;  Lab.  350  ; 

.  Rubiac.  206  ;  Comp.  257,  248,  229. 

 quadrifasciatus,  Dcg.,    L.,  Umb. 

181. 

 scutellatus,  Mgn.,  Th.,  Comp.  246. 

Myopa  buccata,  L.  (4i — 5),  L.,  Salix 

377,  378  ;  Papil.  98f,  95. 
■  polystigma,  Rond.,  L.,  Ros.  133; 

Lab.  342. 

 testacea,  L.  (3^),  L.  Sid.  Th.,  Salix 

377  ;  Ros.  152  ;  Papil.  95t,  98,  108* ; 

Lab.  340. 

 variegata,  Mgn.,  L.,  Lab.  342. 

 sp.,  Th.,  Comp.  255. 

Oceemyia  atra,  F.,  T.,  Comp.  266. 
Physocephala  rufipes,  F.,  L.  Th.,  Ros. 

135,  133  ;  Jas.  283  ;  Comp.  248,  246. 
 vittata,  F..  L.,  Ech.  310  ;  Jas.  283  ; 

Comp.  257,  225. 
Sicus  ferrugineus,  L.,  L.  Sid.  T.,  Ros. 

142  ;  Papil.  100*  108*  ;  Lab.  340,  342  ; 

Scab.  211,  213  ;  Jas.  283  ;  Comp.  253, 

229,  237,  266,  265,  276,  271,  272,  270, 

260  ;  Valer.  208. 
Zodion  zinereum,  F.,  Sid.,  Umb.  194. 

D.  Dolichojridce  (2  species,  2  visits). 

Dolichopus  seneus,  Deg.,  L.,  Umb.  178. 
Gymnopternus  choirophylli,  Mgn.,  I,., 
Umb.  191. 


E.  Empidaa  (13  species,  81  visits). 
Empis  leucoptera,  Mgn  ,  L.,  Hott.  289. 
 livida,  L.  (2J— 3,  dry),  L.,  All.  393  ; 

Orch.  386  ;  Corn.  197  ;  Umb.  179,  187, 

194  ;  Ran.  8  ;  Papav.  21  ;  Cruc.  27, 

28  ;  Hyper;  68  ;  Lin.  74  ;  Gary.  61  ; 

Onagr.  166  ;  Ros.  150,  152,  153,  135, 

138,  128  ;  Papil.  117  ;  Convolv.  311  ; 

Scroph.  326  ;  Lab.  342,  338  ;  Hott. 

289  ;  Scab.  211,  212  ;  Jas.  283  ;  Comp. 

259,  248,  249,  233,  238,  217,  274,  262  ; 

Valer.  208. 
 opaca,  F.  (3—34,  dry),  L.,  Cruc. 

30  ;  Cary.  65,  60  ;  Ros.  133  ;  Bor.  307  ; 

Caprif.  204  ;  Comp.  217,  274. 

 pennipes,  L.,  L.,  Hottonia  289. 

 punctata,  F.,   L.,  Cyprip.  386*; 

Umb.  179,  185  ;  Ros.  133  ;  Comp. 

274. 

 rnstica,    Fall.,    L.,    Umb.    187 ; 

Cary.  60  ;  Onagr.  166  ;  Ros.  152,  127, 

128  ;  Lab.  342,  338  ;  Comp.  257,  229  ; 

Valer.  208. 

 stercorea,  L.,  L.,  Umb.  185. 

 tesselata,    F.    (3— 3i,    dry),  L., 

Umb.  182  ;  Ran.  7  ;  Cary.  65  ;  Ros. 

135, 133  ;  Lab.  338  ;  Scab.  211  ;  Comp. 

237. 

 sp..  L.,  Umb.    178;  Salix  378; 

Convolv. 

Microphorus  velutinus,  Macq.,  L.,  Ros. 
153. 

Rhamphomyiaplumipes,  Fall.,  L.,  Camp. 
277. 

 sulcata,  Fall.,  L.,  Salix  378. 

Tachydromia   conuexa,  Mgn.,  L.,  Ros. 
153. 


F.  Leptidce  (2  species,  2  visits). 

Atherix  ibis,  F.,  L.,  Umb.  187. 
Leptis  strigosa,  Mgn.,  L.,  Cary.  60. 

G.  Muscidoc.  (85  species,  387  visits). 

Alophora  hemiptera,  F.,  T.,  Umb.  190. 
Anthomyia  a?stiva,  Mgn.,  L.,  Cary.  60. 

 obelisca,  Mgn.,  L.,  Rut.  S4. 

 pratensis,  Mgn.,  L.,  Rut.  84. 

 radicum,  L.,  L.,  Umb.  186;  Ran. 

10  ;  Rut.  84  ;  Ros.  151. 
 sp.,  L.,  Cyprip.  386*;  Umb.  172, 

179  ;  Ran.  6,  7,  8,  10,  11  ;  Berb.  18  ; 

Cruc.  30,  37  ;  Geran.  76  ;  Cary.  63,  55  ; 

Onagr.  170  ;  Ros.  138,  142,  145,  130, 

132,  133,  127  :  Plant.  96. 
Aricia  incana,  Wiedem.,  L.,  Umb.  178  ; 

Comp.  238. 

 obscurata,  Mgn.,  L.,  Umb.  179. 

 serva,  Mgn.,  L.,  Ros.  153. 

^  vagans,  Fall.,  L.,  Umb.  1S8. 

Borborus  niger,  Mgn.,  AdOxa  198. 
Calliphora    erythrocephala,  Mgn.,  I,.. 

Gross.    161  ;  Umb.  194  ;  Salix  378  ; 
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Rhus.  88  ;  Rut.  84  ;  Ros.  151  ;  Sevoph. 

329  ;  Valer.  208. 
Calliphora  vomitoria,  L.,  L.,  LTmb.  178, 

194,  174  ;  Euon.  85  ;  Valer.  208. 
Calobata  cothnmata,  Pz.,  L.,  Bor.  305. 
Chlorops  circumdata,  Mgn.,  L.,  Cary. 

66. 

 sp.,  L  ,  Ros.  153,  127. 

Cyrtoneura  ccerulescens,  Mac.q.,  L.,  Ran. 
7. 

 curvipes,  Macq.,    L.,    Unib.  188, 

192. 

 simplex,  Loew,  L.,  Umb.  176,  178, 

192,  186  ;  Ros.  133. 

 sp.,  L.,  Ros.  153. 

Demoticus  plebejus,  Fall.,  L.,  Comp. 

270. 

Dexia  canina,  F.,  T.,  Comp.  214. 

 rustica,  F.,  Th.,  Umb.  193. 

Echinomyia  fera,  L.,  L.  T.,  TJmb.  172, 

179,  177,  190,  194,  185  ;  Geran.  78  ; 

Ros.  152,  153,  134;  Caprif.  2C0;  Comp. 

214. 

 ferox,  Pz.,  L.,  Jas.  283  ;  Comp.  226. 

 grossa,  L.,  L.,  Umb.  194. 

 magnicomis,  Zett.,  L.  T.  Th.,Sed. 

164  ;  Umb.  194  ;  Ros.  133. 
 tesselata,  F. ,  L. ,  Bor.  305  ;  Lab. 

335  ;  Scab.  317  ;  Jas.  283  ;  Comp.  245, 

229,  227. 

Exorista  vulgaris,  Fall.,  L.,  Umb.  194, 
186. 

Gonia  capitata,  Fall.  (4—5),  L.,  Comp. 
225. 

Graphomyia  maculata,  Scop.,  L.,  Umb: 

194,  185  ;  Ros.  154. 
Gymnosoma  rotundata,  L.,  L.  Th.,  Umb 

177,  191,  192,  196,  195,  186,  184; 

Lab.  133  ;  Comp.  225,  228. 
Helomyza  affinis,  Mgn.,  L.,  Neottia  381. 
Hydrotaea  dentipes,  F.,  L.,  Cary.  65. 
Lucilia  albiceps,  Mgn.,  L.,  Ros.  133  ; 

Comp.  214. 
■  caesar,  L,   L,   Umb.   172,  178, 

194. 

 cornicina,  F.,  L.,  Umb.  173,  176, 

179,  178,  188,  192,  194,  174  ;  Euon. 

86  ;  Rhus  88  ;   Rut.  84  ;   Til.    73  • 

Fagop.  369  ;  Ros.  151,  142,  133  ;  Lab. 

340,  339,  337  ;  Scab.  212  ;  Comp.  248, 

229,  233,  217  ;  Valer.  208. 
  sericata,  Mgn.,  L.,    Umb.  194, 

185  ;  Comp.  248. 
 silvarum,  Mgn.,  L.,  Umb.  179, 178, 

3  90,  193,  194;  But.  84;  Cary.  55; 

Ros.  142,  133  ;  Lab.  339,  337  ;  Comp. 

229. 

  spec,  L,  Umb.  179,  185,  195; 

Ascl.  295+;  Scab.  212;  Comp.  222, 
238. 

Macquartia  prafica,  Zett.,  L.,  Comp 
229.  1 

Mosembrina  meridiana,  L.,  L.,  tJmb  178 
190  ;  Ros.  142,  133. 


Micropalpus  fulgens,   Mgn.,  L.,  Scab. 
211. 

Miltogramma  punctata,  Mgn.,  L.,  Umb. 
173,  179. 

Musca  corvina,  F.,  L.,  Umb.  178,  179, 

185,  192,  194  ;  Berb.  18  ;  Fapop.  369  ; 

Cary.  66  ;  Ros.  151,  138,  133  ;  Bor. 

305  ;  Lab.  338  ;  Rubiac.  205  ;  Comp. 

248,  229,  217. 
 domestica,  L.,  L.,  Ran.  12;  Berb. 

18  ;  Euon.  85  ;  Til.  73  ;  Cary.  66  ; 

Onagr.  170  ;  Ros.  151  ;  Valer.  208. 
Myodina  vibrans,  L  ,  L.,  Aristol.  376. 
Nemorsea  sp.,  L.,  Umb.  194. 
Ocyptera  brassicaria,  F.,  L.,  Umb.  178, 

194  ;  Lab.  340,  342;  Ascl.  295  :  Jas. 

283  ;  Comp.  248. 
■  cylindrica,  F.,  L.,  Lab.  342;  Scab. 

211  ;  Jas.  283  ;  Comp.  248,  225,  221. 
Oliviera  lateralis,  Pz.,    L.,   Jas.  283  ; 

Comp.  248,  238. 
Onesia  cognata,  Mgn.,  L.,  Berb.  18  ;  Ros. 

139,  133. 

 floralis,  R.  D.,  L.,  Umb.  194;  Nuph. 

19 ;  Berb.  18  ;  Caiy.  55 ;  Ros.  150, 

152,  153,  135,   139,  133  ;  Bor.  305, 

306,  307  ;  Lab.  337,  338  ;  Comp.  248, 

238,  274  ;  Valer.  207. 
 sepulcralis,  Mgn.,  Th.,  Umb.  193, 

194  ;  Berb.  18  ;  Ros.  153  ;  Bor.  305  : 

Lab.  337,  338  ;  Comp.  237. 
Phasia  analis,  F.,  Th.,  Umb.  191. 

 crassipennis,  F.,  Th.,  Umb.  191. 

Phorocera  assimilis,  Fallen,  L.,  Umb 

194. 

Platystoma  seminationis,  F.,  Comp.  248. 
Pollenia  rudis,  F.,  L.,  Umb.  179;  Ran 

12  ;  Rut.  84  ;  Salix  378  ;  Cary.  62  ; 

Ros.  151  ;  Comp.  222. 
- —  Vespillo,  F.,  L.,  Thalict.  3  ;  Parn. 

157;   Fagop.  369;   Cary.    62;  Ros. 

151,  139  ;  Bor.  305  ;  Lab.  339  ;  Comp. 

229,  233,  238. 
Prosena  siberita,  F.,  (6,  dry)  L.,  Clem.  1; 
.  Lab.  342. 

Psila  fimetaria,  L.,  L.,  Umb.  185. 
Pyrellia  amea,  Zett.,  L.,  Sed.  162  ;  Umb. 
.  194  ;  Comp.  229. 

 cadaverina,  L.,  L.,  Cary.  55  ;  Lab. 

337. 

Sapromyza  apicalis,  Loew,  L.,  Arist.  376. 
Sareophaga  albiceps,  Mgn.,  L.,  Umb. 

179,  177,  195;   Rut.  84;  Ros.  133; 

Lab.  340,  339,  337. 
  carnaria,  L.,  L.  Th.,  Umb.  172, 

1/6,  177,  193,  194  ;  Parn.  157  ;  Euon. 

85  ;   Rhus  88  ;   Rut.   84  ;   Til.   73  ■ 

Fagop.  369  ;  Polyg.  370  ;  Cary.  55  ': 

Ros.  153,  142,  133  ;  Lab.  340,  338  ; 

Comp.  248,  233,  223. 

 dissimilis,  Mgn.,  L.,  Umb.  186. 

— -  ha'marrhoa,  Mgn.,  L.,  Umb.  186, 

194  ;  Rut.  84  ;  Comp.  233. 
 spec,  L.,  Umb.  185,  190  ;  Lab.  338. 
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Scatophagy  merdaria,  F.,  L.,  Gross.  158  ; 
I  'mb.  172,  190,  194,  185  ;  Ean.  4,  5,  6, 
9,  10,  11  ;  Salix  378  ;  Eos.  151,  152, 
142,  127  ;  Bor.  305  ;  Rubinc.  205 ; 
Comp.  248,  227,  234,  217,  274. 

  stercoraria,  L.,  L.  T.,  Gross.  158, 

161  ;  Umb.  179,  190,  185,  174  ;  Ran. 
4  ;  Salix  378  ;  Euon.  85  ;  Geran.  78, 
80  ;  Bos.  127  ;  Scroph.  325  ;  Comp. 
248,  229,  227,  217,  274. 

Sciomyza  cinerella,  Fallen,  L.,  Chrysospl. 
155. 

Sepsis  cynipsea,  L.,  L.,  Umb.  194. 

 putris,  L.,  L.,  Cruc.  33. 

 spec,  L.,  Umb.  179,  178,  192,  195, 

185,  186,  174  ;  Ran.  9,  12  ;  Rut.  84  ; 

Cary.  60  ;  Ros.  151,  152,  142,  127  ; 

Convolv.  311f  ;  Comp.  229. 
Siphona  cristata,  F.,  L.,  Cruc.  38. 
Spilogaster  nigrita,  Fall.,  L.,  Comp.  233. 
 semicinerea,  Wied.,  L.,  Cypr.  386*  ; 

Neott.  381+  ;  Plant.  368. 
Tachina  erucarum,  Rond.,  L.,  Umb.  194. 

 prajpotens,  Mgn.,  L.,  Umb.,  190. 

Tetanocera  ferruginea,  Fall.,  L.,  Umb. 

178. 

Trypeta  cornuta,  F.,  Th.,  Comp.  258. 
Ulidia    erytbrophtlialma,    Mgn.,  Th., 

Comp.  231,  228. 
Z->]>homyia  tremula,  Scop.,  L.,  Umb.  177, 

185. 

H.  Sk-aUomyidce  (11  species,  45  visits). 

( 'hrysomyia  formosa,  Scop.,  L.  T.,  Umb. 
179,  177,  192,  184  ;  Ros.  135  ;  Plant. 
368. 

 polita,  L.,  Th.,  Samb.  199. 

Nemotelus  pantherinus,  L.,  L.  T.,  Umb. 

185  ;  Cruc.  34  ;  Coinp.  229,  233,  227, 

268. 

Odontomyia  argentata,  F.  (2—3),  L., 
Ran.  11  ;  Fagop.  369  ;  Cary.  60  ;  Ros. 
139. 

 viri.lula,  F.,  L  ,  Umb.  188  ;  Fagop. 

369  ;  Lab.  337  ;  Rubiac.  206  ;  Comp. 

248,  225,  229,  234,  238. 
Oxycera  pulehella,  Mgn.,  Sid.,  Melamp. 

335*. 

Sarsus  cuprarius,  L.,  L.,  Umb.  179,  154  ; 

Rut.  84  ;  Malv.  69  ;  Ros.  135,  142  ; 

Caprif.  199. 
Stratiomys  Chamadeon,  Deg.,  L.  Th., 

Umb.   179,  187,    195,  185;  Fagop. 

369. 

 longicornis,  F.,  L.,  Umb.  1/7. 

 riparia,  Mgn.,  L.,  Umb.  178,  195  ; 

Fagop.  369  ;  Ros.  127. 
 spec,  L.,  Cary.  60. 

I.  Syrphidcc  (89  species,  916  visits). 

Ascia  lanceolata,  Mgn.,  L.,  Ros.  127  ; 
Comp.  274. 


Ascia  podagrica,  F.,  L.  T.,  Alism.  398  ; 

Umb.  194,  195,  185  ;  Ran.  11  ;  Chelid. 

21  ;    Cruc    33,  37,   38 ;  Cist.    45  ; 

Hyper.  68  ;  Rut.  84  ;  Geran.  78,  79, 

81  ;   Polygon.  371,   372,  373,   374  ; 

Cary.  63,  55  ;  Onagr.  170  ;  Ros.  151, 

135,  142,  145,  133  ;  Scroph.  319,  325, 

326  ;   Lab.    342,    338  ;   Plant.  368  ; 

Comp.  238,  274. 
Bacha  elongata,    F.,    L.,  Umb.  184  ; 

Onagr.  170. 
Brachy palpus  valgus,  Pz.,  L.,  Ran.  9  : 

Salix  378  ;  Ros.  149. 
Cheilosia  spec,  L.,  Lil.  394  ;  Cypr.  386* 

Umb.  184  ;  Ran.  6,  8,  11  ;  Papav.  20  ; 

Ros.  143  ;  Comp.  272,  275. 

 albitarsis,  Mgn.,  L.,  Ran.  7. 

 barbata,  Loew,  L.,  Ros.  127. 

— —  brachysoma,  Egg.,  L.,  Salix  378. 
 chloiis,  Mgn.,  L.,  Salix  378  ;  Comp. 

274. 

 chrysocoma.Mgn.,  L.  T.,  Comp.  263, 

264,  265. 

 fraterna,  Mgn.,  L,  Comp.  229. 

 modesta,  Egg.,  L.,  Salix  378  ;  Ros. 

139. 

 pictipennis,  Egg.,  L.,  Salix  378. 

 prrecox,  Zett,  T.,  Salix  378  ;  Ros. 

139  ;  Comp.  238. 

 pubera,  Zett.,  L.,  Ran.  7. 

 scurellata,  Fall.,  L.  Sid.  T.,  Umb. 

192,   194,    184;  Fagop.  369  ;  Eric. 

287. 

 soror,  Zett.,  L.,  Umb.  195  ;  Comp. 

238. 

■  vernalis,  Fall.,  L.,  Ran.  10  ;  Comp. 

274. 

Chrysocblamys cuprea,  Scop.,  L.,  Papav. 
20. 

 ruficornis,  F.,  L.  Sid.,  Camp.  278. 

Chrysogaster  renea,  Mgn.,  T.,  Cruc  34. 

 chalybeata,  Mgn.,  T.,  Umb.  179. 

 ccemeteriornm,  L.,  L.  T.,  Umb.  179, 

184. 

■  Macquarti,  Loew,  L.,  Ran.  7  ;  Cruc. 

27. 

■  viduata,  L.,  L,  Umb.  179,  194,  195; 

Ran.  5,  7  :  Ros.  149,  127  ;  Bor.  306 ; 

Comp.  262. 
Chrysotoxum  arcuatum,  L.,  Ski.,  Ran.  7  ; 

Ros.  135. 

 bicinctum,  Pz.,  Sid.  T.,  Umb.  193, 

194  ;  Geran.  79;  Ros.  143  ;  Pup.  108. 

 festivum,  L.,  L.  T.,  Umb.  192, 194  ; 

Ran.  7  ;  Fagop.  369  ;  Ros.  127  ;  Valer. 
208. 

 octomaculatnm,  Curt.,    T.,  Eric. 

287. 

Eristalis  aniens,  Scop.,  L.,  Gross.  161  ; 

Umb.  177,  178,  194  ;  Cruc.  40  ;  Cary, 

55  ;  Ros.  149  ;  Lab.  338  ;  Jas.  2S3  ; 

Comp.  251,  229,  238,  27  1. 
 arbustorum,  L.  (4—5),  L.  Sid.  T. 

Th.,  Umb.  173,  172,  176,  179,  177, 
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•  175,  187,  188,  192,  194,  195,  1S5,  186  ; 
Clem.  1  ;  Thai.  2,  3 ;  Kan.  5,  7  ;  Bert). 

•  18 ;  Cruc.  27,  28,  38,  40  ;  Parn.  157  ; 
Salix  378  ;  Hyper.  68  ;  Til.  73  ;  Fagop. 
369  ;  Polygon.  371  ;  Caiy.  65,  60,  63, 
55  ;  Eos.  151,  152,  153,  142,  130,  131, 
133,  127,  129  ;  Convolv.  311 ;  Bor.  305  ; 
Scroph.  317;  Lab.  340,  342,  338  ;  Ascl 
295  ;  01.  291 ;  Plant.  368  ;  Hott.  289  ; 
Eric.  285  ;  Caprif.  200,  199  ;  Scab.  211, 
212  ;  Jas.  283  J  Comp.  259,  248,  250, 
246,  225,  229,  233,  227,  228,  234,  237, 
238,  223,  221,  215,  216,  217,  218,  219, 
214,  266,  2d3,  275,  276,  262,  271,  272, 
273,  270,  261;  Valer.  208,  209  (alto- 
gether 91  visits.) 

Eristalisintricarius,  L.,  L.,  Ran.  11;  Salix 

105  ;  Fagop.  369  ;  Ros.  151,  153,  133, 

127  ;  Lab.  349  ;  Eric.  285  ;  Scab.  211, 

212 ;  Comp.  248,  274. 
 horticola,  Mgn.,  L.  Sid.,  Orch.  18  ; 

Umb.  177,  181,  194  ;  Ros.  152,  130  ; 

Eric.  285;Samb.  198  ;  Comp.  229,  237, 

271,  272  j  Valor.  208. 
■  nemorum,  L.,  L.  Sid.  T.  Th.,  Umb. 

172,  178,  179,  187,  192,  194,  186,  184  ; 

Thai.  2,  3  ;  Ran.  5,  7 ;  Berb.  18  ;  Cruo. 

34,  37,  38  ;  Parn.  157  ;  Hyper.  68  ;  Til. 

73  ;  Fagop.  369  ;  Gary.  55,  60  ;  Onagr. 

169  ;  Ros.  151,  152,  153,  148,  130,  131, 

133,  127  ;  Scroph.  317  ;  Lab.  365,  340, 

342,  338  ;  Ascl.  295  ;  01.  292  ;  Hott. 

289  ;  Caprif.  199,  200  ;  Scab.  21],  212, 

213  ;  Comp.  258,  248,  250,  225,  229, 

233,  227,  234,  237,  238,  221,  205,  216, 

218,  214,  263,  274,262,  270,  261;  Valer. 

208  (altogether  65  visits). 
— — ■  pertinax,  Scop.,  L.,  Umb.  190,  194, 

185,  183  ;  Salix  378 ;  Fagopyr.  369  ; 

Ros.  153,  133  ;  Comp.  217,  274. 
 sepuleralis,  L.,  L.  Sid.  Th.,  Alism. 

398  ;  Umb.  176,  187,  192,  194,  195  ; 

Clem.  1  ;  Thai.  2,  3  ;  Ran.  7  ;  Cruc.  38; 

Hyper.  68  ;  Rut.  84  ;  Til.  73  ;  Polygon. 

369,  371,  372  ;  Cary.  60  ;  Ros.  153,  135, 

138,  142,  145,  130,  133  ;  Bor.  305  ; 

Scroph.  246  ;  Lab.  340,  337,  338 ;  01. 

291  ;  Caprif.  200  ;  Scab.  212  ;  Comp. 

248,  225,  229,  233,  227,  238,  223,  217, 
263,  274,  262,  271,  270,  261  ;  Valer. 
207  (altogether  48  visits). 

 tenax,  L.  (7—8),  L.  Sid.  Th.,  Sed. 

.    162,  163  ;  Umb.  172,  192,  194  ;  Thai. 

2,  3  ;  Ran.  7 ;  Berb.  18  ;  Cruc.  32,  35  ; 

Sal.  378  ;  Hyper.  68  ;  Euon.  85  ;  Geran. 

76  ;  Til.  73  ;  Polvgon.  369,  371  ;  Onagr. 

169;  Ros.  151,  153, 135,  130,  133,  129  ; 

Phlox.  299  ;  Solan.  312  ;  Ascl.  396  ; 

Caprif.  200,  199  ;  Scab.  211,  212,  213  ; 

Jas.  283  ;  Comp.  248,  250,  253,  245, 

249,  227,  224,  238,  217,  236,  214,  266, 
263,  265,  274,  276,  262,  271,  273,  260  ; 
(altogether  55  visits). 

Eumerus  sabulonum,  Fall.,  L.,  Jas.  283 
Comp.  225. 


Helophilus  floreus,  L. ,  L.,  Umb.  172,  176, 
179,  177,  178,  190,  194,  195,  185,  184  ; 
Clem.  1  ;  Ran.  5  ;  Berber.  18  ;  Cruc. 
32,  38  ;  Parn.  157  ;  Euon.  85  ;  Rhus 
88  ;  Rut.  84  ;  Geran.  78  ;  Til.  369  ; 
Fagop.  73;  Ros.  152,  153,  148,  142, 
130,  131,  133  ;  Convolv.  311  ;  Scroph. 
319,  326  ;  Caprif.  200 ;  Scab.  212  ; 
Comp.  229,  267  ;  Valer.  208. 

:  lineatus,  F.,  L.,  Ran.  7  ;  Cary.  63  ; 

Lythr.  165. 

 pendulus,  L.,  L.,  Umb.  177  ;  Berb. 

18  ;  Cruc.  30  ;  Cist.  45  ;  Hyper.  68  ; 
Rhus  88 ;  Geran.  76,  80  ;  Cary.  52  ; 
Lythr.  165  ;  Ros.  153,  135,  142  ;  Lab. 
282,  285  ;  Caprif.  200  ;  Scab.  212  ;  Jas. 
283  ;  Comp.  257,  229 ;  Valer.  208. 

 trivittatus,  F.     (6—7),    L.  Th., 

Hyperic.  68  ;  Lythr.  165  ;  Papil.  94  ; 
Ech.  310  ;  Lab.  338  ;  Scab.  213. 
Melanostoma  ambigua,  Fall.,  L.,  Ech 
310. 

 mellina,  L.,  L.  T.,  Alism.  19  ;  Umb. 

177,  184  ;  Ran.  7  ;  Cruc.  32  ;  Parn. 

157  ;  Hyperic.  68;  Cary.  60;  Onagr. 

170  ;  Ros.  145, 151  ;  Papil.  90  ;  Scroph. 

324  ;  Lab.  356,  338  ;  Plant.  367,  368 ; 

Jas.  2  83  ;  Comp.  222.    This  species  is 

remarkable  for  its  predilection  for 

anemophilous  flowers  ;  1  have  seen  it 

visit  not  only  the  species  of  Plantago, 

but  also  Scirpus  palustris,  Artemisia 

Dracunculus,  and  many  Graminese.. 
Melithreptus  rnenthastri,  L.,  L.,  Umb. 

194;  Parn.  157;  Polygon.  373,  374  ; 

Ros  138  ;  Jas.  283  ;  Comp.  232. 
 pictus,  Mgn.,  L.  T.,  Umb.  1S5  ; 

Ran.  7  ;  Cruc.  37  ;  Hyper.  68  ;  Rut.  84  ; 

Geran.  77,  78  ;  Polygon.  373 ;  Cary.  52, 

55  ;  Ros.  145. 
 scriptus,  L.,  L.  Sid.,  Alism.  398  ; 

Umb.  195,  185,  184;  Ran.  7;  Cruc. 

37  ;  Parn.  157  ;  Cist.  45  ;  Hyperic.  68  ; 
Geran.  76  ;  Polygon.  369,  371  ;  Cary. 
52  ;  Ros.  143, 145,  137  ;  Convolv.  310  ; 
Solan.  314  ;  Lab.  339,  337  ;  Ascl.  295+  ; 
Eric.  287  ;  Jas.  283  ;  Comp.  225,  222, 
223,  217,  265,  262. 

 strigatus,  Stseg.,  L.,  Ros.  133. 

 tsematus,  Mgn.,  L.  T.  Th.,  Umb. 

179,  177,  195  ;  Ran.  6,  7  ;  Cruc.  37, 

38  ;  Parn.  157  ;  Cist.  45  ;  Geran.  78  • 
Polygon.  369,  371;  Cary.  55,  165  ; 
Ros.  142,  145  ;  Convolv.  311  ;  Scroph. 
330;  Lab.  353,  337  ;  Ascl.  295+  ;  Comp 
248,  225,  229,  228,  234,  265,  274,  262, 
271,  272. 

.-  spec,  L.,  Cruc.  33. 

Mcrodon  ameus,  Mgn.,  Th.,  Antheric. 
391 . 

Telecocera  bicincta,  Mgn.,  T.,  Ger.  78 
Pipiza  chalybeata,  Mgn.,  L.,  Ran.  V  • 
Cruc.  38. 

 funebris,  Mgn.,  L.,  Umb.  195  ;  Ran. 
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7  ;  Fagopyr.  369  ;  Ros.  133  ;  Comp. 
270,  261. 

Pipiza  lugubris,  F.,  L.,  Comp.  229. 

 notata,  Mgn.,  L.,  Eos.  153. 

Pipizella  aunulata,  Macq.,  L.,  Umb.  175, 
194,  195. 

 virens,  F.,  L.  T.,  Umb.  179,  177, 

190,  194  ;  Ran.  10. 

 spec,  L.,  Jas.  283. 

Platycheirus  albimanus,  F.,  L.  T.,  Ran. 

7  ;  Bor.  306. 

 manicatus,  Mgn.,  L.,  Cary.  60. 

 peltatus,  Mgn.,  L.,  Umb.  177  ;  Geran. 

76  ;  Gary.  65. 
Pyrophaena  sp.,  L.,  Umb.  177. 
Rliingia  rostra ta,  L.  (including  campestris, 

Mgn.)  (11— 12),  L.,  Lil.  390* ;  Ir.  387t ; 

Thai.  2 ;  Ran.  11 ;  Berb.  18  ;  Papav.  21 ; 

Cruc.  28,  30,  34,  35,  40  ;  Geran.  76,  78, 

79,  80  ;  Malv.  69  ;  Polygon.  370  ;  Cary. 

65,  62,  52*  57,  59*  ;  Ly thr.  165 ;  Ros. 

150,  152,  153,  148, 134,  135, 138,  139, 

145,  136,  133,  129  ;  Papil.  112  ;  Bor. 

310,  300,  304,  305  ;  Solan.  313  ;  Seroph. 

318,  324  ;  Lab.  366,  359t,  361*  352, 

■  353,  349  ;  01.  291  ;  Plant.  368  j  Hott. 
289  ;  Eric.  285  ;  Caprif.  202,  203,  204  ; 
Scab.  211,  212 ;  Camp.  279 ;  Comp.  257, 
259,  217,  274  ;  Valer.  209  (67  visits). 

Serycomyia  borealis,  Fall.,  T.  Th.,  Eric. 
287. 

 lappona,  L.,  Sid.,  Comp.  272. 

Syritta  pipiens,  L.,  L  Sid  Th.,  Alism. 

■  398  ;  Gross.  158,  161  ;  Umb.  176,  179, 
177,  178,  175,  187,  188,  190,  192,  193, 
194,  195, 185,  186, 184;  Clem.  1 ;  Thai. 
3  ;  Ran.  6,  7  ;  Papav.  21  ;  Cruc.  27,  28, 
37,  38  ;  Res.  42 ;  Parn.  157  ;  Viol.  46  ; 
Salix  378  ;  Euon.  85  ;  Rhus  88  ;  Rut. 
84  ;  Geran.  80  ;  Polygon.  369,  370*, 
371,  372,  373,  374;  Cary.  66,  60,  61,  63, 
55  ;  Lythr.  165  ;  Ros.  151,  148,  149, 
135,  138,  139,  142,  145,  130,  131,  133  ; 
Bor.  305  ;  Solan.  312,  313  ;  Scroph.  317, 

319,  325,  326  ;  Lab.  340,  339,  337,  338  ; 
01.  291 ;  Prim.  290  ;  Eric.  287  ;  Rubiac. 
205  ;  Jas.  283  ;  Comp.  248,  225,  229, 
233,  227,  228,  234,  238,  220,  216,  217, 
263,  260  ;  Valer.  207  (89  visits). 

Syrphus  arcuatus,  Fall.,  L.  T.,  Umb. 
177  ;  Ros.  140  ;  Bor.  310  ;  Comp.  265, 
275. 

 balteatus,  Deg.  (2),  L.  T.,  Papav. 

21  ;  Cruc.  37  ;  Parn.  157  ;  Salix  378  ; 

Hyper.  68  ;  Geran.  78  ;  Cary.  55  ; 

Convolv.  311  ;  Plant.  368  ;  Camp.  278  ; 

Comp.  266,  265,  275,  262,  271,  273. 
 corolla;,  F.,  L.,  Umb.  185 ;  Comp. 

229. 

 decorus,  Mgn.,  T.,  Cruc.  35. 

 excisus,  Zett.,  L.,  Parn.  157  ;  Ros. 

133 

.  glauoius,  L,  L.,  Umb.  194. 

mtfdioollis,  Mgn.,  (3),  L.  T.,  Umb. 


179,  181  ;  Rut.  84  ;  Ros.  179  ;  Convolv. 
311  ;  Comp.  229,  274,  271. 
Syrphus  oohrostoma,  Zett.,  L.,  Caprif. 
202. 

 pyrastri,  L.,  L.  T.,  Umb.  179,  177, 

181,  192,  194,  195 ;  Clem.  1 ;  Parn. 

157  ;  Cist.  45  ;  Salix  378  ;  Geran.  78  ; 

Fagopyr.  369 ;  Cary.  57  ;  Ros.  150;  Bor. 

31u  ;  Lab.  338  ;  Scab.  212 ;  Jas.  283  ; 

Comp.  224,  274,  271. 
 ribesii,  L.  (3—4),  L.  T.,  Umb.  179, 

177,  178,  194, 185  ;  Ran.  7  ;  Parn.  157  ; 

Cist.  45  ;  Salix  378  ;  Hyper.  68  ;  Euon. 

85  ;  Rut.  84  ;  Geran.  78  ;  Polygon.  370  ; 

Cary.  65  ;  Onagr.  166  ;  Ros.  133  ;  Plant. 

367  ;  Rubiac.  205  ;  Scab.  311 ;  Comp. 

224,  234,  237,  265. 
 unibellatarum,  Mgn.,  Sid.,  Comp. 

237. 

 spec,  L.,  Cruc.  27  ;  Cary.  60  ;  Ros. 

138, 139 ;  Scroph.  330  ;  Eric.  287 ;  Comp. 

248,  263. 
Tropidia  milesiformis,  FaU.,  L., 
VoluceUabombylans,  L.  (7—8),  L.  Sid.  T., 

Orch.  390  ;  Polyg.  370  ;  Gary.  64  ;  Ros. 

147,  130  ;  Pap.  98,  100*;  Lab.  350  ; 

Eric.  286  ;  Scab.  211  ;  Jas.  283  ;  Comp. 

253,  225,  237,  271  ;  Valer.  208. 
 hffimarrhoidalis,    Zett. ,   L.,  Eric. 

286. 

 pellucens,  L.,  L.  T.  Sid.,  Umb. 

178  ;  Cruc.  34  ;  Til.  73  ;  Ros.  134,  135  ; 

Plant.  367  ;  Samb.  199  ;  Scab.  211  ; 

Comp.  225,  229,  237,  270. 
 plumata,  L.,  L.,  Cary.  57  ;  Lythr. 

165  ;  Ros.  133  ;  Pap.  116  ;  Eric.  286  ; 

Scab.  211. 
Xanthogramma  citrofaseiata,  Deg.,  L., 

Umb.  176  ;  Euon.  85  ;  Ros.  144. 
Xylota  femorata,  L.,  T.,  Umb.  182. 

 florum,  F.,  Sid.;  Umb.  194. 

 ignava,  Pz.,  L.,  Clem.  1  ;  Ros.  133. 

 lenta,  Pz.,  L..  Clem.  1  ;  Ros.  133. 

 segnis,  L.,  L.,  Ros.  153,  133  ;  01. 

291*,  Caprif.  202. 
 silvarum,  L.,  Sid.,  Lab.  352*. 

K.  Tabanidm  (4  species,  9  visits). 
Chrysops  coecuticns,  L.,  L.,  Umb.  181  ; 

Gary.  55  ;  Ros.  142  ;  Lab.  285. 
Tabanus  luridus,  Pz.,  L.,  Valer.  208. 

 micans,  Mgn.,  L.,  Umb.  181. 

 rusticus,  L.,   L.,  Sid.  Th.,  Umb. 

194 ;  Comp.  248,  225. 

L.  Therevidce  (1  species,  1  visit). 
Thereva  anilis,  L.,  L.,  Umb.  179. 

Nematocera  (22  species,  41  visits). 

M.  Bibionidcc  (5  species,  12  visits). 
Bibio  hortulanus,  F.,  L.  T.,  Umb.  177, 

185,  186  ;  Euon.  85  ;  Ros.  133. 
 Johannis,  L.,  L.,  Salix  378. 
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Eibio  Marci,  L.  L.,  Salix  378  ;  Ros.  153, 
127. 

Dilophus  vulgaris,  Mgu.,  L.,  Ros.  150. 
152, 153. 

Scatopse  soluta,  Loew,  L  ,  Aristol.  375. 

N.  Cecidomyidcc  (2  visits). 

Undetermined  :  Adoxa  314  ;  Chrysospl. 
155. 

0.  ChironomidcB  (3  species,  4  visits). 

Ceratopogon  sp.,  L.,  Aristol.  375:  Ros 
133. 

Chironomus  sp.,  L.,  Aristol.  375. 
Undetermined  genus,  Chrysospl.  155. 

P.  Culicidw  (1  species,  1  visit). 
Culex  pipiens,  L.,  L.,  Rliamn.  86. 

Q.  Mycelophilidce  (5  visits). 

Undetermined  :  Adoxa  314  ;  Chrysospl. 
155. 

Platycera  sp.,  L.,  Umb.  194. 
Sciara  Thomae,  L..,  L.  Th.,  Umb.  172  ; 
Comp.  238. 

R.  Psyehodidm  (1  species,  1  visit). 

Psychoda  phalamoides,   L.,  L.,  Arum 
391. 

S.  Simulidce  (2  visits). 

Simulia  spec,  Adoxa  198  ;  Chrysospl. 
155. 

T.  Tipulidcc  (5  species,  13  visits). 

Tipula  oleracea,  L.,  L.,  Paru.  157  ;  Ros. 
135. 

  spec,  L.,  Umb.  177,  192  ;  Valer. 

390. 

Pachyrrhina  crocata,  L.,  L.  Sid.  T.,  Umb. 

179,  181,  185  ;  Rubiac.  205. 

 historio,  F.,  L.,  Umb.  179,  194. 

 pratensis,  L..  L.,  Umb.  185  ;  Ros. 

133. 


111.  HEM1PTERA  (6  species,  15  visits). 

Anthocoris  sp.,  L.,  Umb.  178  ;  Salix 
378. 

Capsus  sp.,  L.  Th.,  Umb.  194  ;  Lythr. 

165;  Papil.    91t  ;  Comp.  258, '255, 

231,  228,  238. 
Nabis  sp.,  L.,  Convolv.  31  If. 
Pyrocoris  aptera,  L.  (4),  L.,  Comp.  274 
Tetyra  nigrolincata,  L.,  Th.,  Umb.  195. 
Undetermined  genus,    L.,    Umb.  194  • 

Comp.  234. 


IV.  HYMENOPTERA  (368  species, 
2,750  different  visits). 

A.  Apidce  (205  species,  2,191  different 
visits). 

Andrcna  (51  species,  219  different  visits). 
Andrena  albicans,  K.  (2 — 2J),  L.  T., 
Cypr.  386  ;  Gross.  158,  161  ;  Umb. 
179,  177  ;  Clem.  1  ;  Ran.  4,  7,  9,  11  ; 
Berber.  18;  Coryd.  22t  ;  Cruc.  34; 
Viol.  46*  ;  Salix  378,  379  ;  Rhus  88  ; 
Polygon.  370  ;  Cary.  66,  60  ;  Ros. 
150,  151,  152,  153,  148,  149,  139,  133, 
127,  129  ;  Papil.  Ill  ;  Myos.  305, 
306  ;  Lab.  359t,  349* ;  Caprif.  203*  ; 
Comp.  225,  274  ;  Valer.  209. 

  albicras,  K.  (3),  L.,  Umb.  173, 

179  ;  Ran.  6  ;  Cruc.  29  ;  Salix  378  ; 
Fagop.  369  ;  Cary.  66  ;  Ros.  152,  134, 
135, 139,  140,  133  ;  Papil.  108*  ;  Ech. 
310  ;  Comp  274. 

apicata,  Sm.,'L. ,  Sal.  378. 


~x  ,  .  ,  — .,  VUIA.  w, 

■  argentata,  Sm.  =  gracilis,  Schenck 

(2— 2J),  L.,  Cary.  60  ;  Salix  378  ;  Ros. 
139  ;  Jas.  283  ;  Comp.  225,  274. 

 atriceps,  K.=  tibialis,  K.  (3^),  L., 

Cypr.  12  ;  Salix  378  ;  Ros.  152",  153  ; 
Papil.  Ill  ;  Eric.  285  ;  Comp.  274. 
bicolor,  E.  =sestiva,  Sm.,  L.,  Fagop. 
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■  Cetii,  Schr.  (3J),  L.,  Scab.  212. 


 ,  \—  — -j         wv»    '  • 

 chrysoseeles,  K.,  L.,  Salix  378  ; 

Ros.  153,  139  ;  Comp.  225. 
  cineraria,  L.,  (4),  L.,  Salix  378; 

Cary.  65  ;  Comp.  274. 
 cingulata,  F  ,  L.,  Sed.  162  ;  Ran. 

8  ;  Comp.  274. 
 coitana,  K.,  Sid.  Th.,  Umb.  194  ; 

Hyper.  68  ;  Geran.  178  ;  Malv.  72  ; 

Ros.  130  ;  Scroph.  323t  ;  Lab.  356  ; 

Camp.  277,  278  ;  Jas.  283 ;  Comp. 

253,  268,  272. 
 Collinsonana,  K.  =proxima,  K.,  L 

Umb.  179,  185,  184  ;  Salix  378  ;  Ros. 

151  ;  Comp.  274. 

 convexiuscula,  K.,  L.,  Ros.  152; 

Papil.  98,  95,  119  ;  Scab.  212  ;  Comp. 

274.  1 
  denticulata,  K.  =Listarella,  K..  L. 

Sid.  T.  Th.,  Ros.,  143  ;  Papil.  94; 

Lysim.  290*  ;  Comp.  225,  234,  238, 

215,  268,  263,  264,  265,  273,  270. 
 dorsata,  K.  (3),  L.  T.,  Umb.  179, 

192  ;  Papav.  20  ;  Cruc.  30,  36  ;  Salix 

378  ;  Hyper.   68  ;   Geran.   76,    78  ; 

Polygon.  369,  371  ;  Cary.  66  ;  Ros. 

152  153,  149,  138,  139,  133,  127 
LapiLT  104,  96  5  Scr°Ph-  31 8;  Eric. 

265  ' 2*4 '       '  C°mP'  248'  225'  263' 

 eximia,  Sm.  (3J),  L.,  Salix  377. 

 fasciata,  "Wesm.   (3—4),  L  Ros 

127;  Papil.  100*;  Myos.  306  ;"'Comp' 
2/4.  1 

T  T  2 
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Andrena  Flessee,  Vz.,  L.,  Salix  378. 

  florea,  Lep.  =rubricata,  Sm.  (3),  I;., 

Bry.  171. 

 ■  fucata,  Sm.  =clypearis,  Nyl.,  Sid. 

Th.,  Umb.  179,  194,  185;  Eos.  148, 
133. 

 •  fulva,  Schr.  (3),  L.,  Lil.  394  ;  Gross. 

160,  161  ;  Berb.  18  ;  Eos.  153,  127, 
129  ;  Scroph.  318*  ;  Lab.  348*  ;  Eric. 
285  ;  Comp.  274. 

fulvagu,  Chr.,  L.  T.  Th.,  Umb.  179  ; 


.  Geran.  78  ;  Jas.  283 ;  Comp.  267,  263, 
273,  270. 

 fulvescens,  Sm.,  L.  Sid.,  Umb.  181; 

Ean.  10  ;  Pap.  108*  ;  Comp.  267,  268, 

263,  274,  272,  273,  269,  270. 
 fulvicrus,  K.  (3— 3i),  L.  Th.,  Cypr. 

386  ;  Umb.  177  ;  Ean.  4,  7  ;  Berb.  18  ; 

Papav.  20  ;  Cruc.  39  ;  Cist.  171  ;  Bry. 
.  45  ;  Salix.  378  ;  Geran.  76  ;  Malv.  69  ; 

Fagop.  369  ;  Eos.  163,  139,  133,  127  ; 

Papil.  98,  100*   94,  108,  110,  112  ; 

Scroph.  324  ;  Lab.  349  ;  Eric.  287  ; 

Camp.  278  ;  Jas.  283  ;   Comp.  248, 

225,  227,  234,  238,  236,  264,  274,  271, 

273,  260. 

i  fuscipes,  K.  =pubescens,  K.,  L. T., 

Erie.  287  ;  Jas.  283  ;  Comp.  225. 

,         Gwynana,  K.  (2*),  L.  Sid.  T.  Th., 

Gross.  158,  161  ;  Clem.  1  ;  Ean.  9  ; 
Cruc.  30,  39  ;  Salix  378,  379  ;  Geran. 
78,  80  ;  Malv.  69  ;  Fagop.  66  ;  Cary. 
369  ;  Eos.  151,  153,  135,  127;  Scroph. 
320,  324  ;  Prim.  288  ;  Eric.  285  ; 
Scab.  211  ;  Camp.  277,  278,  279,  281; 
.  Comp.  248,  253,  237,  236,  274. 

Hattorfiaua,  F.  (5^—7),  L.  Sid.  Th., 


Cary.  53  ;  Scab.  211  ;  Jas.  283. 
—  helvola,  L.  (including»varians,  Eossi, 
and  mixta,  Schenck),  L.,  Umb.  179  ; 
Berb.  18  ;  Salix  378  ;  Fagop.  369  ; 
Eos.  153,  136*  133  ;  Jas.  283  ;  Comp. 
274 

 labialis,  K.,  L.  Th.,  Papil.  90,  119*, 

116  ;  Ech.  S10  ;  Lab.  366. 
  lepida,  Schenck.,    L.,  Umb.  174, 


Comp.  225. 

—  minutnla,  K.,  L.,  Umb.  177,  191  ; 
Comp,  227. 

—  nana,  K.,  L.,  Gross.  158,  160  ; 
Umb.  177,  194,  195  ;  Cruc.  39,  40  ; 
Salix  378  ;  Fagop.  369  ;  Eos.  139, 
140  ;  Comp.  248,  225,  227. 

nigrocenea,  K.  (3£ — 4),    L.  Sid., 


Cypr.  12  ;  Umb.  177  ;  Cruc.  39  ;  Ees. 
43  ;  Bry.  171  ;  Salix  378  ;  Eos.  134, 
133  ;  Papil.  116  ;  Lab.  340  ;  Eric.  284* 
285  ;  Comp.  229,  227,  274. 
—  nigriceps,  K.,  L.,  Comp.  225. 

nitida,  K.  (3|),  L.,  Gross.  161  ; 


.  195,  185  ;  Ean.  9,  10  ;  Cruc.  30,  31, 
38  ;  Salix  378  ;  Geran.  78  ;  Malv.  69  ; 
Cary.  65,  66  ;  Eos.  151,  153,  139,  143, 
133,  127,  128  ;  Scroph.  319,  325,  328  ; 
Eric.  287  ;  Comp.  217,  236,  26S,  274. 
Andrena  pilipes,  F.  (3),  L.  T.,  Umb.  179, 
190  ;  Cruc.  38  ;  Salix  378  ;  Fagop. 
369;  Eos.  149;  Scroph.  317;  Eric. 
285  ;  Jas.  286  ;  Comp.  257,  248,  225. 

  prateusis,    Nyl.    =    ovina,  Kl. 

(4-5),  L.,  Cj-pr.  12  ;  Salix  378,  379  ; 
Comp.  274. 

punctulata,    Schenck,    L.,  Salix 


Coryd.  23t  ;  Salix  378 ;  Cary.  57s 
Eos.  153  ;  Lab.  366*  359  ;  Comp.  274. 

 pavvula,  K.j  L.  Sid.  Th.,  Cypr.  384*; 

Sed.  162;  Umb.  179,  177,  181,  180, 192, 


378. 


rosa?,  Pz.,  L.  T.  Th.,  Umb.  172, 
180,  194  ;  Salix  378  ;  Eos.  127. 

Schrankella,  Nyl.  (4),  L.  Th.,  Cruc. 


27  ;  Salix  378  ;  Eos.  153,  136,  127  ; 
Papil.  100*  ;  Comp.  255,  227. 

—  simillima,  Sm.,  T.,  Eric.  287. 

—  Smithella,  K.  (2),  L.,  Gross.  160; 
Berb.  18  ;  Salix  378,  379  ;  Eos.  152  ; 
Comp.  274. 

—  thoracica,  K.,  L.,  Eos.  135. 
Trimmeraua,  K.,   L.,  Berb.  18  ; 


Salix  378  ;  Eos.  153,  133. 
—  varians,  Eossi,  L.,  Salix  378. 

  ventralis,  Imh.  (2— 2|),  L.,  Salix 

378,  379. 

vitrea,  Sm.   =  nitens,  Schenck, 


Cassel,  Comp.  248. 

—  xauthura,  K.  (3),  L.  Sid.,  Papil. 
90',  100,  101,  95,  111,  108  ;  Comp. 
274,  270. 

—  spec,  L.,  iEsc.  87. 


Anthidium  (3  species,  16  visits). 
Anthidium  manicatum,  L.   (9 — 10),  L. 
Sid.  Th.,  Tap.  90,  100,  92*  ;  Scroph. 
320  ;  Lab.  364,  352,  346,  347,  337  ; 
Comp.  258. 

 punctatum,  Latr.  (54),  Sid.  Th., 

Pap.  90,  92*  108*. 

strigatum,  Latr.  (5),  L.  Sid.  Th., 


Papil.  90  ;  Jas.  283  ;  Comp.  257. 
Anthophora  (5  species,  32  visits). 
Anthophora  aestivalis,  Pz.  -  Haworthana, 
K.  (15),  Th.,  Papil.  102  ;  Lab.  347. 

  furcata,  Pz.  (11—12),  L.  Sid.  Th., 

Ech.  310  ;  Lab.  364,  352,  355. 

 pilipes,  F.  (19-21),  L.  T.,  Lil.  394; 

Dicl.  22  ;  Coryd.  23,  24  ;  Viol.  47  ; 
Eos.  150  ;  Papil.  100,  118  ;  Bor.  300, 
304  ;  Lab.  366,  359,  362,  363,  349  ; 
Vine.  293  ;  01.  291  ;  Prim.  287. 

  nuadrimaculata,  F.  (9—10),  T.  Sid. 

Th.,  Malv.  70  ;  Papil.  92  ;  Ech.  310  : 
Scroph.  365  ;  Lab.  364,  352,  336. 

  retusR,  L.  (16—17),  L.  Pedic.  333. 

Apis  mellifica,  L.  $  (6),  L.,  T.  Sid.  Th., 
.   (189    visits),   Lib   391,   388  ;  Smil. 
389  ;  Ir.  387*  ;  Gal.  396  ;  Orch.  382, 
383,  384  ;  Berg.  156  ;  Gross.  159, 160  ; 
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Umb.  172,  179,  194,  185,  186  ;  Clem. 
1  ;  Thai.  2,  3  ;  Anem.  4  ;  Kan.  5,  7, 
9,  11,  12  ;  Ag.  13  }  ;  Berb.  18  ;  Did. 
22t  ;  Coiyd.  23t,  24t  ;  Fum.  26  ; 
Cruc.  27,  29,  30,  31,  31,  35,  39,  40, 
41 ;  Kes.  42,  43  ;  Viol.  47  ;  Cist.  51  ; 
Bry.  170t  ;  Salix  378,  379  ;  Elianin. 
86  ;  /Eesc.  87  ;  Polygal.  45  ;  Rhus.  88, 
89  ;  Rut.  84  ;  Geran.  77,  80,  83  ;  Liu. 
75  ;  Til.  73  ;  Malv.  69,  70,  71,  72  ; 
Polygon.  369,  370  ;  Caiy.  65,  62,  57  ; 
Lythr.  165  ;  Onagr.  166,  169  ;  Ros. 
150,  151,  152,  153,  148,  134,  135,  138, 
139,  142,  136t,  130,.  133,  127,  129  ; 
Papil.  90,  98,  100},  101,  103,  105,  96, 
97,  93t,  94,  95,  92,  111,  108,  109,  110, 
111,  107,  121,  122,  117,  118t,  119t, 
114,  116  ;  Convolv.  311  ;  Ech.  310  ; 
Bor.  301,  300t,  302,  306  ;  Solan.  314, 
315  ;  Scroph.  318,  319,  320,  324,  325, 
327,  332,  330,  335}  ;  Lat.  366,  364, 
359t,  362,  363,  360t,  355,  349},  347, 
348,  344,  340,  342  ;  Ascl.  295  ;  01. 
291  ;  Plant.  367  ;  Prim.  288*  ;  Erie. 
286},  287,  284,  285  ;  Rubiae.  207  ; 
Caprif.  201,  202,  203,  204  ;  Scab.  211, 
212,  213;  Camp.  277,  278,  279  ;  Jas. 
283  ;  Comp.  257,  258,  259,  248,  249, 
250,  253,  244,  227,  234,  237,  238,  215, 
217,  236,  214,  266,  263,  274,  276,  271, 
270,  260  ;  Valer.  208,  209. 

Bombus  (17  species,  509  visits). 
Bombus  agrorum,  F.  (=  muscorum,  L.), 

(10—15),  L.  T.,  Sid.  Th.,  Smil.  390  ; 

Ir.  387  ;  List.  380  t  ;  Orch.  382  ;  Sed. 

164  ;  Aq.  13  ;  Papav.  21  ;  Coryd.  25  ; 

Viol.  48  ;  Hyperic.  68  ;  Rhamn.  86  ; 

Til.  73  ;  Malv.  69,  70  ;    Cary.  57  ; 

Lythr.  165 ;  Onagr.  166,  169  ;  Ros. 

150,  148,  135  ;  Papil.  90,  100,  104, 

120,  117,  118,  116  ;  Ech.  310,  300, 

302,  304  ;  Solan.  315  ;  Scroph.  317,  321, 

322,  323,  330,  335,  333  ;  Lab.  365,  360, 

356,  357,  358,  352,  353,  349  ;  Gent. 

296  ;  Vine.  293,  294  ;  Eric.  286,  284, 

285  ;  Symphor.  201  ;  Dips.  210,  211, 

212  ;  Comp.  241,  257,  258,  249,  245, 

243,  244,  256  (68  visits). 
  Barbutellus,  K.  (Apathus  J)  (12), 

L.  Sid.  Papil.  100  ;  Ech.  310  ;  Scroph. 

326,    334;   Lab.    349  ;  Scab.  211; 

Coinp.  274,  272  (9  visits). 
- —  campestris,  Pz.  (Apathus)  (10—12), 

L.  T„  Orch.  382;  Sed.  154;  Onagr. 

166  ;  Ros.  135,  100,  116  ;  Ech.  310  ; 

Eric.  285  ;  Scab.   211  ;  Comp.  256, 

250,  244,  238,  215  (14  visits). 
 confusus,  Sehenck  (12— 14),  L.  Th 

Orch.  382,   383,  384  ;   Onagr.  165  ; 

Ros.  136  ;  Papil.  100,  119,  ll6  ;  Lab. 

1  Dr.  Krieohbamner  tells  me  that  the  name 
Psithyrus  is  older  thanApathut,  and  P.  saltuum, 
Pz.,  older  than  Barbutellus,  K, 


366,  349  ;    Prim,   288  ;  Eric.    285  ; 
Comp.  241,  258,  274,  273  (16  visits). 
Bombus  fragrans,  Kirby1  (15),  L.,  Orch. 
384  ;  Salix  378  ;  Ros.  136  ;  Pap.  100  (4 
visits). 

 hortorum,  L.2  (18—21),  L.  Sid.  Th., 

Colch.  395  ;  Smil.  390  ;  Ir.  387  ;  Orch. 

382,  383,  384  ;  Berg.  156  ;  Aq.  13  ; 

Delph.  14,  15;  Aconit.  17;  Dicl.  22; 

Viol.  47  ;  Salix  378  ;  Malv.  69  ;  Pom. 

150;  Ros.  134,  135,  136,  129;  Pap. 

91, 125, 117,  119  ;  Ech.  310  ;  Bor.  304  ; 

Scroph.  319,  320,  321,  323,  334,  335, 

333  ;  Lab.  366,  359,  361,  362,  360,  352, 

349 ;  Vine.  293  ;  01.  291  ;  Prim.  288  ; 

Eric.  285  ;  Scab.  211 ;  Jas.  283  ;  Comp. 

248,  247  (49  visits). 
 hypuorum,    L.   (10—12),  L.  Sid. 

T.  Th.,  Ros.  136  ;  Ech.  310  ;  Scroph. 

334,  365,  364j;  Ascl.  295  ;  Scab.  211 

(7  visits). 

  lapidarius,  L.  (8—14),  L.  Sid.  T. 

Th.,  Orch.  382,  383,  384  ;  Sed.  164; 

Viol.  46,  47,  49  ;  Salix  378  ;  Msc.  87  ; 

Polygal.  51 ;  Malv.  69  ;  Fagop.  369  ; 

Cary.  57  ;  Onagr.  166,  169  ;  Ros.  150, 

136,  129  ;  Papil.  100,  101,  92,  111, 

112,  107,  118,  119  ;  Ech.  310  ;  Bor. 

300},    302,  304;   Scroph.  321,  332, 

333  ;  Lab.  366,  364,  359,  358,  355,  349  ; 

Vine.  293  ;  01.  291  ;  Prim.  288  ;  Eric. 

284  ;  Dips.  210,  21],  212,  213  ;  Camp. 

277,  279  ;  Comp.  240,  241,  242,  257, 

258,  255,  248,  250,  251,  257,  245,  246, 

238,  266,  274,  271,  270  (65  visits). 
■  muscorum,  F.  (=  senilis,  F.  Smith) 

(10-14),  L.  T.  Th.,  Orch.  382  (?),  383, 

384  ;  Cist.  45  ;  Papil.  100,  102,  94,  91, 

116;  Ech.  310;  Bor.  302;  Scroph. 

318,  331  ;  Lab.  366,  364  ;  Rubiac.  207  ; 

Caprifol.  201,  204  ;  Comp.  240,  241, 

258,  246,  274  (23  visits). 
 pratorum,  L.  (8—12),  L.  Sid.,  All. 

392  ;  Orch.  382,  383,  384  ;  Gross.  162  ; 

Berb.  18  ;  Chelid.  21  ;  Diclytr.  22}  ; 

Salix  378  ;  Onagr.  166  ;  Ros.  134,  135, 

136;  Papil.  98,  100},  123,  116;  Ech. 

310;  Bor.  301,  300},  302,  304,  315; 

Scroph.  330,  334},   335},   364  ;  Lab. 

366,  359,  362,  363,  360,  352,  355,  349, 

341  ;  Plant.  367  ;  Eric.  285  ;  Caprif. 

201,  204  ;  Scab.  211,  212  ;  Camp.  277  ; 

Comp.  257,  253,  246,  247,  237,  238, 
■    272,  208  (52  visits). 
— —  Rajellus,  111.  (10—13),  L.,  Ir.  387  : 

Sed    162  ;   Papav.    21  ;   Dicl.  22}  ; 

Viol.  47  ;  Cary.  57;  Papil.  100,  101, 

117,  118;  Ech.  310;  Bor.  300,  304  ; 

1  According  to  Dr.  Krlechbaomer.  B.  fragrans, 
K  is  quite  distinct  from  B.  fragrans,  Pall,  a 
Siberian  species.  The  latter  must  be  called 
. Autmguendus,  Moravv.  and  is.  perhaps 
identical  with  n.  elegant,  Seidl  i"-"'nPS, 
Including  B.  ruderatui,  F. 


646 


THE  FERTILISATION  OF  FLOWERS. 


Scroph.  334  ;  Lab.  364,  359,  361t,  363, 

360,  349  ;  Eric.  286  ;  Scab.  211  :  Cornp. 

253,  268  (23  visits). 
Boiubus  rupestris,  F.  (Apathus)  (11 — 14), 

L.  f.  Tlx.,  Papil.  100,  116  ;  Ech.  310  ; 

Lab.  364,  349  ;  Dips.  310,  211,  212  ; 

Jas.  283  ;  Comp.  241,  257,  258,  255, 

215  (14  visits). 
 Scrimshiranus,  K.  (10),  L.  T.  Th., 

Gross.  161 ;  Salix  378  ;  Eos.  135,  136, 

133  ;  Papil.  117,  116  ;  Scroph.  319, 

334,  333},  358,  355;   Eric.  284  (13 

visits). 

senilis,  F.  Smith  ( =  B.  muscorum, 


F.1)  (11—15),  L.,  Orch.  383  ;  Eos.  136, 
133  ;  Papil.  100,  119,  116  ;  Bor.  304  ; 
Scroph.  334,  359 ;  Gent.  296  ;  Eric. 
286  ;  Scab.  212  (12  visits). 
—  silvarum,  L.  (9—14),  Fig.  15,  L.  T. 
Th.,  Orch.  383  ;  Sed.  164  ;  Malv.  69 
Lythr.  165 ;  Onagr.  169  ;  Eos.  134 
135,  136,  100  ;  Papil.  91,  118,  119 
116  ;  Ech.  310  ;  Bor.  300,  302,  304 
Scroph.  321,  332,  334,  333  ;  Lab.  366 
364,  359,  360,  356,  358,  353,  355 
349,  346,  347  ;  Gent.  297  ;  Prim.  288 
Eric.  286,  285  ;  Scab.  211,  212  ;  Jas 
283  ;  Comp.  240,  241,  257,  258,  259 
246,  244,  268,  274  (48  visits). 

terrestris,  including  lucorum,  L 


Camp.  277,  278,  279,  280  ;  Jas.  283  ; 

Cornp.  246,  263. 
(  'hclostoma  florisomne,  L.  =  maxdllosura, 

L.  (34—4),  L.  Th.,  Ean.  7,  8  ;  Camp. 

280  ;  Comp.  274. 
 nigricorne,  Nyl.  (4 — 44).  L.  T.  Sid. 

Th.,  Geran.  77,  78  ;  Malv.  69,  72; 

Ech.  310  ;  Lab.  336  ;  Camp.  277,  278, 

279,  280,  281  ;  Comp.  225. 

Cilissa  (3  species,  16  visits). 

Cilissa  hsemarrhoidalis,  F.  (3 — 4),  L. 
Sid.,  Malv.  69,  71 ;  Lab.  355  ;  Comp. 
277,  278,  279. 

 leporina,  Pz.  =tricincta,  K.  (3 J),  L. 

Th.,  Sed.  162  ;  Papil.  100,  101~  94, 
92  ;  Jas.  283  ;  Comp.  248,  246. 

melanura,  Nyl.  (3—4),  L.  Sid.  T., 


(7—9),  L.  Sid.  T.  Th.,  Lil.  394,  393  ; 
Orch.  382,  384  ;  Gross.  161  ;  TJmb. 
194  ;  Clem.  1  ;  Ean.  5,  8, 11  ;  Aq.  13t ; 
Berb.  18 ;  Dicl.  22t ;  Coryd.  23}, 
24} ;  Cruc.  30  ;  Sal.  378,  379  ;  Hyper. 
68  ;  Msa.  87  ;  Polygal.  51  ;  Cary,  57  ; 
Lythr.  165  ;  Onagr.  166  ;  Eos.  150, 
151,  135,  136t,  133,  128  ;  Papil.  90, 
100},  92,  111,  108,  112,  118$,  119}, 
115  ;  Ech.  310 ;  Bor.  300t,  304  ; 
Scroph.  317,  320,  321,  323,  334}, 
335},  333}  ;  Lab.  359f,  361},  360}, 
356},  353,  355,  349},  342  ;  Ascl.  295  ; 
"Vine.  293  ;  01.  291  ;  Plant.  368  ;  Prim. 
288t  ;  Eric.  286,  287,  284,  285  ;  Scab. 
211,  212  ;  Comp.  241,  242,  258,  255, 
250,  229,  239,  215,  268,  274  (79  visits). 

  vestalis,  Fourcr.  (Apathus)  (12),  L. 

Sid.  T.  Th.,  Ir.  387  ;  Eos.  135  ;  Papil. 
100,  117  ;  Ech.  310  ;  Scroph.  326  ; 
Lab.  349 ;  Vine.  293  ;  Eric.  285  ;  Scab. 
211,  212  ;  Comp.  253,  247,  214,  274 
(15  visits). 
Ceratina  coerulea,  Vill.  (4 — 5),  L.,  Ech. 

310  ;  Jas.  283  ;  Comp.  267. 
Chalicodoma  muraria,  F.  (10),  Th.,  Papil. 
116. 

Chelostoma  (3  species,  25  visits). 
Cheloatomaoampanularum,  K.  (3—34),  L. 
Sid.  T.  Th.,  Malv.  69  ;  Lab.  347t  ; 

1  I  only  lately  became  aware  of  the  identity  of 
these  species  ;  I  Imve  placed  the  darker  varieties 
under  It.  museotiim,  P.,  the  light-yellow  ones 
Wider  II.  senilis,  Smith. 


Lythr.  165  ;  Comp.  273. 

Coslioxys  (6  species,  28  visits). 

Ccelioxys  acuminata,  Nyl.,  Th.,  Comp. 
242. 

spec,  L.,  Eos.  140  ;  Papil.  90  ;  Lab. 


349,  341  ;  Ascl.  295  ;  Comp.  211. 
—  eonoidea,  111.  =  punctata,  Lop.  (6), 
L.  Th.,  Papil.  116  ;  Ech.  310  ;  Lab. 
336 ;  Scab.  211  ;  Jas.  283  ;  Comp. 
255,  266. 

quadridentata,  L.  =  conica,  L. 


acuta,  Nyl.,  L.,  Papil.  96  ;  Ech.  310  ; 
Scab.  211  ;  Jas.  283  ;  Comp.  242. 
—  simplex,  Nyl.  (44),  L.,  Bry.  171  ; 
Malv.  69  ;  Ech.  310  ;  Jas.  283  ;  Comp. 
218,  266. 

umbrina,  Sm.  =  parvula,  Schenck, 


L.  Th.,  Eos.  135  ;  Ech.  310 ;  Lab. 
336. 

Collctes  (4  species,  16  visits). 

Colletes  cunicularia,  L.  (34 — 4),  L.,  Salix 
377  ;  Eric.  285. 

 Davieseana,  K.  (2i),  L.  Sid.,  Onagr. 

169  ;  Papil.  108  ;  Comp.  225,  229,  227, 
234,  274,  270. 

fodiens,  K.  (2 J),  L.,  Papil.  100  ; 


Comp.  225,  234. 

 marginata,  L.  (2),  L.,  Papil.  101  ; 

Jas.  283  ;  Comp.  227. 
Crocisa  Scutellaria,  Pz.  (7—74),  T.  Th., 
Lab.  336. 

Dasypoda  hirtipes,  F.  (44—5),  Fig.  10, 

1.,  L.  Th.,  Jas.  283  ;  Comp.  248,  246, 

266,  263  (7  visits). 
Diphysia  serratulaj,  Pz.  (7—8),  L.  Sid.  T., 

Eos.  135  ;  Papil.  90, 100, 101, 108*  120, 

265,  271,  117  ;  Ech.  310  ;  Eric.  287  ; 

Scab.  211  ;  Jas.  283  ;  Comp.  257,  267, 

271,  270  (15  visits). 
Epeolus  variegatus,  L.  (134),  L->  Jas- 

283  ;  Comp.  248. 
Eucera  lougieornis,  L.  (10—12),  L.  Sid., 

Orch.  383,  384  ;  Ros.  153;  Papil.  90, 
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100,  123,  126,  117,  116  ;  Ech.  310  ; 
Bor.  300  ;  Lab.  359  ;  01.  291 ;  Plant. 
368  ;  Caprif.  201  (15  visits). 
Halictoides  dentiventris,  Hyl.  (2 — 2i), 
L.  Ski.,  Camp.  277,  278. 

Halictios  (32  species,  440  visits,  181  being 
to  Composites). 

Halictus  albipes,  F.  =  obovatus,  K.  (in- 
cluding affinis,  Schenck),  L.  Sid.  Th., 
Umb.  179,  177,  195  ;  Ean.  9  ;  Salix, 
378  ;  Geran.  76  ;  Malv.  69  ;  Polygon- 
371  ;  Eos.  135,  133,  127  ;  Papil.  103, 
108,  116  ;  Ech.  310  ;  Scroph.  326,  328  ; 
Lab.  342  ;  01.  291* ;  Plant.  368;  Scab. 
211  ;  Camp.  279  ;  Jas.  283  ;  Comp. 
257,  248,  246,  229,  238,  223,  220,  221, 
263,  274,  262,  271,  272,  260  (37  visits). 

•         brevicornis,  Schenck,  Th.,  Comp. 

270. 

 cylindricus,  F.  =fulvocinetus,  K.  = 

nialachurus,  K.  (3—4),  L.  Sid.  T.  Th., 
Lil.  393  ;  Umb.  172,  179,  194  ;  Ean. 
4,  6,  7,  9,  10  ;  Papav.  20,  21  ;  due. 
30,  39  ;  Salix  378  ;  Geran.  76,  77,  78  ; 
Lin.  75  ;  Malv.  71  ;  Cary.  65  ;  Lythr. 
165  ;  Eos.  153,  135,  139,  127  ;  Papil. 
103,  110 ;  Ech.  310  ;  Solan.  316 ; 
Scroph.  319,  323f,  Lab.  362*,  363* 
342,  338  ;  Ascl.  295  ;  Plant.  368  ; 
Eric.  285  ;  Scab.  211,  212;  Camp.  278; 
Jas.  283  ;  Comp.  241,  242,  257,  248, 
253,  245,  246,  247,  225,  229,  238,  223, 
220,  221,  217,268,  263,  265,  274,  262, 
271,  272,  273,  269,  270  (65  visits). 

  fasciatus,  Nyl.,  L.,  Jas.  283. 

  flavipes,  F./=  seladonius,  F.  (2^), 

L.  Th.,  Umb.  194  ;  Ean.  6,  7  ;  Papav. 
20  ;  Geran.  76  ;  Eos.  139,  141,  133  ; 
Pap.  90,  100,  105,  95,  116  ;  Scroph. 
322  ;  Eric.  285  ;  Camp.  280  ;  Jas. 
283  ;  Comp.  248,  220,  221,  263,  274, 
276,  273,  270  (26  visits). 

  fulvicornis,  K.,  L.,  Umb.  195. 

  interruptus,  Pz.,  Th.,  Umb.  175, 

195  ;  Comp.  257,  246  (4  visits). 

 leucopus,  K.,  L.  Sid.  T.  Th.,  Umb. 

194  ;  Cruc.  34  ;  Eos.  139  ;  Scroph. 
328  ;  Lab.  362*  ;  Comp.  220,  274,  271 
(9  visits). 

leucozonius,  Schr.  (4),  L.  Sid.  T. 


Th.,  Orch.  384  ;  Umb.  191  ;  Ean.  7  ; 
Aq.  13  ;  Cruc.  40  ;  Geran.  77  ;  Eos. 
135,  140  ;  Scab.  211,  212  ;  Jas.  283  ; 
Comp.  257,  246,  225,  229,  220,  266, 
267,  263,  262,  271,  272,  273,  270  (24 
visits). 

 longulus,  Sm.  =pauxillus,  Schenck, 

L.  Th.,  Umb.  172,  189  ;  Ean.  7  ; 
Papav.  20  ;  Geran.  76,  77  ;  Convolv. 
311  ;  Scroph.  324  ;  Lab.  338  ;  Comp. 
257,  248,  246,  243,  244,  223,  220,  263, 
274,  262,  271,  260  (21  visits). 
1  According  to  P.  Smith  =  if.  tumulorum,  L. 


Halictus  lucidulus,  Schenck,  L.,  Cruc.  38; 

Geran.  77  ;  Eos.  135,  138  ;  Lab.  349*  ; 

Jas.  283  ;  Comp.  257,  246,  227,  274 

(10  visits). 
 lucidus,  Schenck,  L.,  Ean.  9  ;  Eos. 

134. 

-:       lugubris,  K.  =  Isevigatus,  K.,  L. 

Th.,  Papil.  116  ;  Lab.  359  ;  Comp.  263, 
276,  273,  270  (6  visits.) 

maculatus,  Sm.,  L.  T.  Th.,  Umb. 


177,  182  ;  Ean.  7  ;  Papav.  20;  Geran. 
77,  78,  79  ;  Malv.  69  ;  Eos.  140  ;  Papil.. 
98  ;  Lab.  338  ;  Camp.  279  ;  Ccmp.  257, 
258,  248,  246,  225,  229,  228,  234,  238, 
223,  220,  263,  274,  262,  271,  273  (28 
visits). 

—  minutissimus,  K.,  L.,  Lythr.  165  ; 
Comp.  217,  274. 

minutus,  K.  (2),  L.  T.,  Umb.  178  ;. 


Comp.  257,  248,  246,  265,  262  (6 
visits). 

—  morio,  F.  (2),  L.  Th.,  Malv.  69,  70  ; 
Cary.  56  ;  Convolv.  3 lit,  Scroph. 
321  ;  Lab.  346t  ;  Comp.  225,  220,  273 
(9  visits). 

nitidiusculus,  K.,  L.  Th.,  Gross. 


158  ;  Ean.  7,  9  ;  Cruc.  27,  38  ;  Geran. 
76  ;  Eos.  134  ;  Convolv.  311  ;  Ech. 
310  ;  Scroph.  328  ;  Lab.  346t,  338  ; 
Comp.  257,  248,  246,  227,  221,  274, 

262,  269,  260  (21  visits). 

  nitidus,  Schenck,  L.  Th.,  Gross. 

158  ;  Eos.  148  ;  Ech.  310  ;  Lab.  346t, 
347,  342  ;  Comp.  238,  223,  236,  267, 

263,  274  (12  visits). 

  quadricinctus,  F.,x  L.  Th.,  Umb. 

191  ;  Ean.  7  ;  Papil.  101,  94  ;  Ascl. 

295  ;  Comp.  240,  241,  242,  257,  258,. 

225,  246,  220,  263,  264,  276,  262,  260 

(18  visits). 

 quadrinotatus,  K.,  Th.,  Comp.  246. 

 quadristrigatus,  Latr.,1  (5 — 7),  Th., 

Comp.  255. 

—  rubicuudus,  dir.  (3— 4£),  L.  Th. 
Gross.  161  ;  Ean.  7  ;  Berb.  18  ;  .Esc. 
87  ;  Eos.  151,  152  ;  Papil.  90,  108  ; 
Eric.  285  ;  Scab.  212  ;  Comp.  240,  257, 
248,  246,  225,  229,  263,  264,  274,  276, 
262,  270,  260  (23  visits). 

—  Scabiosce,  111.,  Freiburg,  Hild.,  Ascl. 
295 


sexnotatus,  K.  (24—4),  L.  T.,  Lil. 
388  ;  Umb.  177  ;  Clem.  1  ;  Thai.  2  ; 
Ean.  7  ;  Papav.  20,  21  ;  Cruc.  29  ;  Bry. 
171t  ;  Rhus  88  ;  Rut.  84  ;  Geran.  79  ; 
Cary.  63  ;  Ros.  150,  149,  134,  135; 

1  Dr.  Kricchbaumer  tells  me  that  the  species 
described  by  Kirby  and  later  authors  as  if. 
quadricinctus.  P.,  is  not  the  true  if.  quadri- 
cinctus of  Fabrieius,  but  a  distinct  species  if 
letrazonius,  Kl.  But  if.  quadristrigatus,  J.ntr  ' 
is  identical  with  if.  quadricinctus,  p.,  and  im  st 
receive  that  name,  as  the  older  one  (Gits 
Meeker,  Arekiv  fur  NaturgeschicMe,  Jaliru 
xxxiv.  Brl.  i.)  °" 
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131  ;   Papil.  126  ;    Bor.  301,  300t, 

Scroph.  318,  322;  Lab.  362t,  Eric. 

285;   Caprif.  201,  202,  200;  Scab. 

211  ;  Comp.  274,  262  (31  visits). 
Halictus  sexsignatus,  Schenek,  L.,  Ran. 

7  ;  Comp.  222,  274. 

  sexstrigatus,  Schenek,  L.,  Papav. 

.  21  ;  Bry.  17lt  ;  Rhus  88  ;"  Ros.  149, 

138,  139,  140,  141,  133  ;  Scroph.  325  ; 

Lab.  346+  ;  Eric.   285  ;  Comp.  270 

(13  visits). 
  Smeathmane.llus,  K.,  L.  T.  Sid. 

Th.,  Umb.  185  ;  Aq.  13  ;   Res.  42  ; 

Geran.  78  ;  Malv.  69  ;  Scroph.  319, 

321+ ;  Camp.  277  ;  Comp.  257,  246, 

262,  271,  272,  273  (14  visits). 
  tarsatus,  Schenek,  L.,  Pap.  98  ; 

Comp.  248  (2  visits). 
  villosulus,  K.  =  punctulatus,  K., 

L.  T.  Th.,  Ran.  7  ;  Cist.  45  ;  Ros.  135, 

Convolv.  311  ;  Jas.  283  ;  Comp.  225, 

229,  266,  267,  264,  265,  274,  271,  272, 

273,  270  (16  visits). 
 zonulus,  Sm.  (4),  L.  Tekl.  Th.,  Sed. 

164  ;  Ran.  7  ;  Resed.  42  ;  Geran.  76  ; 

Malv.  69  ;  Ros.  152,  149,  135,  142, 

131  ;  Papil.  101,  112  ;  Bor.  301,  308  ; 

Scroph.  321t,  322  ;  Lab.  366*  ;  Prim. 

290*  ;  Comp.  257,  238,  274,  262  (22 

visits). 

  spec,  L.,  Cruc.  31  ;  Geran.  80  ; 

Cary.  60,  53  ;  Ros.  145  ;  Ascl.  295+  ; 

Plant.  367,  368  ;  Valer.  208  (10  visits). 
Heriades  truncorum,  L.  (4— 4^),  L.  T. 

Th.,  Umb.  187  ;  Papil.  96  ;  01.  292  ; 

Scab.  211  ;  Comp.  248,  246,  225,  228, 

238,  223,  263,  264  (13  visits). 
Macropis  labiata,  Pz.  (2^ — 3),  L.,  Umb. 

187  ;  Rhamn.  86  ;  Ros.  135  ;  Prim.  290. 

Megachile  (9  species,  77  visits). 
Megachile  argentata,  F.,  (6)  L.,  Jas.  283  ; 

Comp.  266. 
-;  centuncularis,  L.  (6 — 7),  L.  Sid. 

Th.,  Lil.  388  ;  Sed.  162  ;  Umb.  194  ; 

Did.  22t  ;  Lythr.  165:   Ros.  149; 

Papil.  108*  ;  Bor.  301  ;  Scroph.  321+  ; 

Lab.  336  ;  Caprif.  201,  203  ;  Scab.  211  ; 

Comp.  257,  253,  246,  244,  224,  276 

(20  visits). 

 circumcincta,  K.  (8),  L.  Sid.  Th., 

.  Sed.  162  ;  Ros.  148,  149  ;  Papil.  90, 

100,  92,  108,  107, 117,  116  ;  Ech.  310  ; 

Scroph.  335  ;  Lab.  340  ;  Plant.  368  ; 

Scab.  211  ;  Comp.  242  (16  visits). 
 lagopoda,  L.  (10),  Th.,  Umb.  191  ; 

Comp.   242,  257,  255,  251,  246  (6 

visits). 

■  ■  ligniseca,  K.,  L.  Th.,  Malv.  69  ; 

Comp.  258. 
-.  maritima,  K.,  L.  (8—9),  Sed.  163  ; 

Papil.  101,  92,  120,  117  ;  Scroph.  320  ; 

Scab.  211  ;  Jas.  283  ;  Comp.  259,  250 

(9  visits). 


Megachile  pyrina,  Lep.  —  M.  fasciata,  Sin.1 
■  (9),  L.  Sid.  Th.,  Papil.  90,  93,  92* 

124  ;  Lab.  364,  346,  336  (7  visits). 
  versicolor,  Sm.,  L.  Sid.  Th.,  Pap. 

92,   108,  120,   117  ;   Comp.  246  (5 

visits). 

  Willughbiolla,  K.  (OA— 7),  L.  Sid. 

Th.,  Malv.  69  ;  Papil.  90,  98,  108* 

117  ;  Ech.  310  ;  Lab.  354,  336  ;  Scab. 

211  ;  Comp.  266  (10  visits). 
Melecta  armata,  Pz.  =  punctata,  K.  (11), 

L.  T.,  Lab.  358,  361. 
 luctuosa,  Scop.  (10),  L.  Th.,  Ech. 

310. 

Nomada  (21  species,  85  visits). 

Nomada  alternata.  K.  =  N.  Marshaniella, 

K.,  L.,  Comp.  274. 
 armata,  Schaeff.  =  N.  cincticornis," 

Nyl.,  L.,  Scab.  211. 
 Fabiiciann,  L.,  L.,  Coryd.  23+  ;  Ros." 

135  ;  Scab.  211 ;  Jas.  283  ;  Comp.  267. 
- — femiginata,  K.,  L.  Sid.  Th.,  Sed. 

162  ;  Umb.  194  ;  Papil.  94  ;  Eric.  285  ; 

Comp.  238. 
  flavoguttata,   K.,  L.,  Cary.  65  ; 

Comp.  217,  274. 
  furva,    Pz.   =    minuta,   F.,  L., 

Comp.  238. 
 germanica,  Pz.,  L.  T.,  Lab.  340; 

Comp.  266. 
 Jacobaeje,  Pz.  (4),  L.,  Onagr.  166  ; 

Lab.  358  ;  Scab.  311  ;  Jas.  283  ;  Comp. 

248. 

 lateralis,  Pz.,  L.,  Th.,  Umb.  195  ; 

Cruc.  30  ;  Hyper.  68  ;  Malv.  69  ;  Ros." 

135  ;  Scroph.  330. 
 Lathburiana,  K.  =  rufiventris,  K., 

L.,  Salix  378  ;  Comp.  274. 
 lineola,  Pz.  (6),  L.,  Cruc.  30  ;  Salix 

378  ;  Hyper.  68  ;  Ros.  135  ;  Scab.  317  ; 

Jas.  326  ;  Comp.  248,  217,  274. 
  nigrita,  Schenek,  L.,  Jas.   283 ; 

Comp.  248. 
 Roberjeotiana,  Pz.,  L.  Th.,  Umb. 

172  ;  Onagr.  166  ;  Jas.  283  ;  Comp. 

349. 

 ruficornis,  L.  ~  flava,  Pz  (3 — 4i), 

L.  Sid.,  Salix  378  ;  Carv.  65  ;  Ros. 

152,  161,  135,  138,  139  ;  Pap.  90  ; 

Eric.  285  ;  Jas.  283  :  Comp.  225,  274. 
- —  sexfasciata,  Pz.  (7),  L.,  Orch.  384  ; 

Ros.  138  ;  Ech.  310. 
 solidaginis,  Pz.,  L.  T.,  Papil.  94  : 

Eric.  286*  ;  Comp.  248,  220. 
  signata,  Jur.,  L.,  Salix  378  ;  Ros. 

152,  153,  139  ;  Comp.  274. 
  succinct.i,  Pz.  (6^ — 7),  L.,  Salix 

378  ;  Ros.  140,  127  ;  Comp.  257,  274. 

1  According  to  Dr.  Krieohb&nmar  identical 
with  if.  pyrina,  Smith,  but  not  with  Jf.  pyrina, 
Lep.,  identical,  however,  with  M  erfeeforum, 
Lop.,  which  name  is  the  oldest,  and  has  priority 
over  Jlf.  fatciata,  Sm. 
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Nomada  varia,  Pz.  =fucata,  Pz.  (5| — 6), 
L.  Th.,  Salix378  ;  Papil.  94  ;  Lab.  349  ; 
Jas.  283  ;  Comp.  238,  274,  276. 

i  xanthosticta,  K.,  L.,  Ros.  140. 

•  zonata,  Pz.,  L.  T.  Th.,  Comp.  225, 

276. 


Osmia  (13  species,  100  visits). 

Osmia  adunea,  Latr.  (10),  L.  T.  Sid.  Th., 
Pap.  117  ;  Ech.  310. 

  senea,  L.  (9—10),  L.   Sid.  Th., 

Malv.  69  ;  Papil.  90,  100,  92  ;  Ech. 
.  310  ;  Seroph.  320  ;  Lab.  366,  364,  359, 
349,  336  ;  Scab.  211  ;  Comp.  258,  246. 

  aurulenta,  Pz.  (8-9),  Sid.  Th., 

Pap.  90,  94,  91,  92,  116  ;  Lab.  364  ; 
Comp.  246. 

crementaria,     Gerst.  =  Spinohe, 


Schenck,  Th.,  Papil.  101 ;  Ech.  310. 
—  cornuta,  Latr.  (8—9),  L.,  Ros.  129. 
fulviventris,  Pz.,  L.  Th.,  Lab.  364  ; 


Scab.  211  ;  Comp.  255,  245,  246. 

  fusca,  Chr.  =  bicolor,  Schr.  (8), 

L.  Sid.  T.  Th.,  Orch.  384  ;  Ran.  4,  8 
Viol.  49  ;  Geran.  78  ;  Ros.  135,  139 
Papil.  112 ;  Ech.  310  ;  Pulm.  304 
Lab.  366,  349  ;  Comp.  274. 

 interrupta,  Schenck,  L.  Th.,  Papil. 

90. 

  leuconiekena,  K.  (6  2i,  ?  3^—4), 

L.,  Ech.  310  ;  Seroph.  320  ;  Comp.  225. 

 pilicornis,  Sm.,  L.,  Pulm.  304. 

 rufa,  L.  =  bicornis,  L.  (7—9),  L. 

T.,  Lil.  394,  388  ;  Ir.  387t  ;  Orch.  383  ; 

Clem.  1  ;  Ran.  7,  11  ;  Dicl.  22t ;  Cruc. 

30  ;  Viol.  47,  49  ;  Salix  378  ;  Mac. 

87  ;  Geran.  77  ;  Gary.  66,  57  ;  Ros. 

150,  153,  133,  127,  129  ;  Papil.  118t, 

119  ;  Ech.  310  ;  Bor.  304  ;  Lab.  366, 

349,  346,  347,  336  ;  Vine.  291,  293  ; 

Prim.  288* ;  Eric.  285  ;  Comp.  217, 

274  (37  visits). 

—  spinulosa,  K.  (5).     Abundant  in 
Thuringia,  nesting  in  empty  shells  of 
Helix  cricetorum.    Papil.  116  ;  Comp 
257,  258,  255,  246,  225,  238,  263,  264, 
276,  262,  260  (12  visits). 

—  spec.,  L.,  Pap.  96. 
villosa,  Schenck  (according  to  Dr. 


Kriechbaumer,  identical  with  O.  platy- 
cera,  Gerst.),  Sid.,  Papil.  108. 

Panurgus  (2  species,  16  visits). 
Panurgus   Banksiamis,   Latr.  =P  ater 
27t'270:L"  ^  Th-'ComP-  263'  265' 
— —  calcaratns,  Scop.  =  P.  lobatus  F.  (3), 

hJ"oB" Ilan- 7 ;       169 ;  Comp- 

266,  267,  268,  263,  265,  276,  262,  271, 
273,  270  (12  visits  . 


Prosopis  (15  species,  88  visits). 

Prosopis  annularis,  Sm.,  Th.,  Lil.  388  ; 
Res.  42. 

 armillata,  Nyl.  (14),  L.  T.  Sid.,  Sed. 

162  ;  Umb.  173,  192",  194,  186  ;  Cruc. 

38  ;  Res.  42,  43  ;  Hyper.  68  ;  Polygon. 

371 ;  Ros.  140 ;  Comp.  271  (13  visits). 
 brevicornis.Nyl.,  L.,Sed.  162; Umb. 

177. 

 clypearis,  Schenck. ^Th.,  Umb.  179. 

■  communis,  Nyl.  (1— H),  L.  T.  Th., 

Umb.  177,  179,  192,  186  ;  Cruc.  38  ; 

Res.  42,  43  ;  Rhus  89  ;  Geran.  76,  77  ; 

Malv.  69;  Cary.  63;  Ros.  148,  149,  135, 

138,  130;  Seroph.  317,  327;  Lab.  346t; 

347f  ;  Jas.  283  ;  Comp.  248,  229  (24 

visits). 

 dilatata,  K.,  L.,  Malv.  69  ;  Jas. 

283. 


 excisa,  Schenck.,  L.,  Ros.  135. 

 hyalinata,  Sm.  -  P.  confusa,  Nyl., 

L.  Th.,  Ran.  7 ;  Geran.  77  ;  Malv.  69  ; 

Cary.  63  ;  Ros.  140  ;  Ech.  310  ;  Camp. 

277,  278,  279,  282  ;  Jas.  283  ;  Comp. 

248.  1 
 pictipes,  Nyl.,  L,  Res.  42  ;  Malv. 

69  ;  Jas.  283  ;  Comp.  225. 

■  propinqua,  Nyl.,  L.,  Ros.  149. 

 pnnctulatissima,Sm.  =P.  obscurata, 

Schenck,  Th.,  Lil.  4  ;  Comp.  246. 

—  signata,  Pz.  (1£),  L.  Th.,  Umb.  173; 
Clem  1 ;  Thai.  22;  Res.  42  ;  Malv.  69; 
Ros.  343  ;  Seroph.  317  ;  Comp.  233  (8 
visits). 

■  sinuata,  Schenck,  L.  Th.,Umb.  192, 

195  ;  Rut.  84  ;  Comp.  248. 

—  variegata,  F.,  L.  Th.,  Sed.  162; 
Umb.  188,  191,  196,  195  ;  Ros.  135  ; 
Jas.  283  ;  Comp.  248,  225. 

 spec,  L.,  Umb.  187,  190  ;  Til.  73. 

Psithyrus.     The  species  of  this  genus 

are  referred  to  Bomlms. 
Rhophitoides  canus,  Eversm.  (24—3). 

Th.,  Papil.  90,  94.  V  "  ;' 

Rhopbites  halictula,  Nyl.,  L.,  Jasione 

283. 

 vulgaris  (Dufourea),  Schenck  (2), 

T.  Th.,   Comp.   263,  264,  265,  262, 

273,  279,  270. 
Saropoda  bimaculata,  Pz.  =S.  rotundata 

Pz.  (9),  L.  Th.,  Hyper.  68;  Lythr. 

165  ;  Ech.  310;  Seroph.  365  ;  Lab.  340; 

Enc.  287  ;  Jas.  283  ;  Comp.  257,  255 

(9  visits). 

Sphecodes  gibbus,  L. (including  rufescens, 

ephippia,  etc.)  (14),  L.  T.  Sid.  Th.,  Sed. 

162  ;  Gross.  158  ;  Umb.  176,  181,  188, 

192,  194,  195,  183  ;  Coryd.  22  ;  Cruc. 

33;  Salix  378;  Geran.  78;Fagopyr.  369; 

Onagr.  166  ;  Ros.  140;  Jas.  283;  Comp. 

248,  225,  229,  233,  234,  222,  217,  274, 

269,  270  (28  visits). 
Stelis  aterrima,  Pz.  (5-5J),  Th.,  Ger.  77; 
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Ascl.  295  ;  Comp.  255,  245,  246  (5 
visits). 

Stelis  breviuseula,  Nyl.  =  S.  pygmaja, 
ScLenck,  L.  Th.,  Ros.  135  ;  Ech.  310  ; 
Scab.  211  ;  Comp.  246,  225  (5  visits). 

 phaeoptera,   K.  (5),  L.  Th.,  Ech. 

310 ;  Comp.  246. 

B.  Chrysidcv  (8  species,  23  visits). 
Chrysis  bidentata,  L.,  Th.,  TJmb.  192. 

 cyanea,  L.,  L.,  Eos.  149. 

 ignita,  L.,  L.  Th.,  TJmb.  192,  183  ; 

Rut.  84  ;  Ros.  149,  130*. 

 spec,  L.,  Umb.  172. 

Cleptes  semiaurata,  ¥.,  L.,  Ech.  310. 
Elampus  auratus,  Wesm.,  L.,  Ros.  130*. 
Hedychrum  coriaceum,  Dlb.,  L.,  368. 
 lucidulum,  Latr.,  L.,  Th.,  Umb. 

179, 191, 192, 195;  Cruc.  38,  Ros.  130* 

133  ;  Jas.  283  ;  Comp.  248,  225,  230, 

266. 

C.  Cynipidce  (1  species,  1  visit). 
Eucoila  spec,  L.,  Chrysospl.  155. 

D.  Formicidcc  (4  species,  18  visits). 
Formica  congerens,  Nyl.,  L.,  Ros.  152; 

Comp.  274. 
Lasius  niger,  L.,  L.,  Chrysospl.  155  ; 

Ros.  151,  152. 
Myrmica  lrevinodis,  Nyl.,  L  ,  Chrysospl. 

155  ;  Comp.  217. 
M.  ruginodis,  Nyl.,  Chrysospl.  155. 
Undetermined:  Umb.  192,  185,  186;  Ban. 

10  ;  Cary.  55  ;  Ros.  150,  151,  152, 

Scroph.  320  ;  Ascl.  295t. 

E.  Ichneumonidce  and  their  allies 
(13  species,  43  visits). 
Alysia,  L.,  List.  380. 
Campoplex,  L.,  List.  380. 
Cryptus,  L.,  List.  380. 
Eulophus,  L.,  Adoxa  198. 
Foenus  jaculator,  F.  (1),  L.  Th.,  Umb. 

179,  192,  183  ;  Rut.  84;  Cary.  55. 
 affectator,  F.  (1),  L.  Th.,  Umb. 

179,  190,  191,  184  ;  Rut.  84. 
Ichneumon  uniguttatus,  L.,  L.,  List. 

380. 

Microgaster  rufipes,  F.,  L.,  List.  380. 
Perilampus  (?),  L.,  Salix  378. 
Pezomachus,  L.,  Adoxa  198. 
Phegadeuon,  L.,  List.  380. 
Tryphon,  L.,  List.  380. 
Undetermined:  Umb.  179,  177,  181,  178, 

180,  188,  190,  192,  193,  194,  195, 185, 
186,  182,  174  ;  Cruc  37  ;  Parn.  157  ; 
Rut.  84;  Salix  378  ;  Mai  v.  69  ;  Ros. 
133  ;  Lab.  338  ;  Adoxa  198. 

F.  Sphcgidce  (in  the  sense  of  Fossores, 
Latr.)  (81  species,  275  visits). 
Agenia  punctum,  F.,  L.,  Rut.  84. 
Ammopliila  sabulosa,  L.  (4),  L.  Sid.  T. 


Th.,  Sed.  162  ;  Umb.  172;  Ciuc.  29  ; 

Bry.  171  ;  Geran.  78;  Onagr.  1U6;  Ros. 

135,  140,  133  ;  Papil.  96  ;  Ech.  310  ; 

Lab.  340  ;  Ascl.  295  ;  Rubiac.  205  ; 

Caprif.  201  ;  Jas.  283  ;  Comp.  248,  225 

(19  visits). 
Benibex  rostrata,  F.  (7 — 8),  L.,  Scab. 

211  ;  Comp.  248. 
Cemonus  unicolor,  F.,  L.  Th.,  Umb.  177 

190  ;  Cruc.  37. 

Cerceris  albifasciata,  Dlb.,  Th.,  Umb. 
172. 

 arenaria,  L.  (Is— 2),  L.  Th.,Res.  44  ; 

Ros.  133  ;  Jas.  283  ;  Comp.  248,  225. 
 labiata,-F.,  L.  Th.,  Umb.  172  ;  Res. 

44;  Fagop.  369;  Scroph.  327;  Jas.  283; 

Comp.  225,  220. 
 Nasuta,  Kl.  (quinquefasciata,  Rossi, 

v.  d.  L.,  Sin.,  interrupta,  Pz.),  L.  Th., 

Umb.  172  ;  Fagop.  369  ;  Onagr.  166  ; 

Eos.  135;Scroph.  327;  Jas.  283;Comp. 

248. 

 variabilis,  Schrk.  (ornata,  F.),  L. 

Th.,  Umb.  172,  179,  195  ;  Cruc.  37  ; 

Res.  42,  44;  Cary.  52;  Lab.  340;  Comp. 

248,  246,  225,  229,  231,  227. 
Ceropales  maculata,  F.  (1),  L.  T.  Th., 

Umb.  191,  194,  196,  195  ;  Jas.  283  ; 

Comp.  242,  225,  222. 

 variegata,  F.,  Th.,  Umb.  190. 

Crabro  alatus,  Pz.,  L.,  Onagr.  166  ;  Jas. 

283  ;  Comp.  248,  222,  227. 
 cephalotes,  Pz.  (Shk.,  Lepel.,  H. 

Sch.),  L.,Umb.  179,  185  ;  Comp.  229. 
■  cribrarius,  L.,  L.  Th.,  Umb.  191, 

194,  184  ;  Comp.  248,  222,  227. 

 denticrus,  H.  Sch.,  Th.,  Umb.  192. 

 dives,  H.  Sch.,  L.,  Umb.  178. 

 elongatulus,  v.  d.  L.  (luteipalpis, 

Lep.),  L.,  Rut.  84. 
 ]apidarrus,Pz.,  Dlb.  (chrysostomus, 

Lep.,  xylurgus,  Shk.),  L.  Th.  Sid. 

Tekl.,  Umb.  179,  177,  178,  190,  194  ; 

Ros.  133  ;  Comp.  225. 
 patellatus,  v.  d.  L.,  L.,  Ros.  149, 

135  ;  Ech.  310  ;  Jas.  283. 

 podagricus,  H.  Sch.,  Th.,  Umb.  192. 

 pterotus,  F.,  L.,  Umb.  177,  178  ; 

Jas.  283. 

 sexcinctus,  v.  d.  L.  (1),  L.  T.  Th., 

Umb.  179,  192,  193,  185  ;  Comp.  262. 

 subterraneus,  F.,  L.   Th.,  Umb. 

183  ;  Comp. 

 vagabundus,  Pz.,  L.,  Umb.  177. 

 vagus,  L.,  L.,  Th.,  Umb.  179,  178, 

191  194  196. 

 vexill'atus,  Tz.,  Th.,  Umb.  192. 

 Wesmaeli,  v.  d.  L.,  Th.,  Umb.  192  ; 

Cruc.  27. 

 spec,  L.,  Comp.  233. 

Diuetus  pictus,  F.  Ui>,  L.,  Umb.  194; 

Comp.  248,  225,  234. 
Entomognathus   hrcvis,  v.  d.  L.,  L., 

Umb.  184. 
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Gorytes  campeslris,  L.1  (1),  L.  Sid., 
Umb.  179,  177,  194  ;  Tarn.  157 ; 
Rhus  88. 

  mystaceus,  L.  (1),  L.  T.,  Clem.  1  ; 

Bry.  171  ;  Ros.  134. 
Hoplisus  laticiuctus,  Lep.i(l),  Th.,  Umb. 

179,  185. 

Lindenius  albilabris,  F.,  L.,  Lab.  340  ; 

Jas.  283  ;  Comp.  248,  253,  225. 
Mellinus  arvensis,  L.,  L.,  Comp.  234. 

  sabulosus,  Dlb.,  L.,  Jas.  233. 

Mimosa  bicolor,  Shuck,  Th.,  Umb.  194. 
  unioolor,  v.  d.  L.,  L.  Th.,  Umb. 

194. 

Miscus  campestris,  Latr.  (4),  L.  Th., 
All.  393  ;  Ros.  135  ;  Jas.  283. 

Mutilla  europaja,  L.  (1^),  Th.,  Umb.  193, 
195. 

Myrmosa  melanocephala,   F.,  L.  Th., 

Umb.  179,  192,  183. 
Nysson  maculatus,  v.  d.  L.,  Th.,  Umb. 

191. 

Oxybelus  bellicosus,  01.,  L.,  Umb.  179, 

196  ;  Jas.  283. 
  bellus,  Dlb.  (14  guttatus,  Sh.),  L., 

Sed.  162  ;  Umb.  179  ;  Cruc.  38  ;  Rut. 

84  ;  Ros.  141,  142  ;  Comp.  225. 
  bipunctatus,  01.,  L.,  Umb.  179, 

188,  195. 

  mandibularis,  Dlb.,  L.,  Jas.  283. 

trispinosus,  F.,  L.,  Comp.  248,  225, 


229. 


—  uniglumis,  L.  (1|),  L.  T.,  Sed.  162  ; 
Umb.  179,  192,  194,  196,  195,  186; 
Clem.  1,  7 ;  Cruc.  38  ;  Rhus.  88  ; 
Til.  73;  Cary.  55;  Ros.  135,  138, 
140,  141,  142,  133  ;  Jas.  283 ;  Comp. 
248,  225,  229,  233  (23  visits.) 
spec,  L.,  Geran.  79. 


Passalcecus  monilicornis,  Dlb.,  L.,  Ros 
133. 

Philanthus  triangulum,  F.  (2— 2§)  L 
Th.,  Umb.  172,  179,  190,  194 ; ' Jas! 
283  ;  Comp.  248,  225. 

Pompilus  chalybeatus,  Schi.,  L.,  Comp. 

  cinctellus,  v.  d.  L.,   Th.,  Umb. 

192. 

  intermedins,    Schenck,    L.  Th 

Umb.  195,  184. 
  neglectus,  Wosm.,  L.  Th.,  Umb. 

179,  192,  195,  185  ;  Ros.  133. 

  mger,  F.,  L.  T.,  Umb.  179,  195. 

  pectmipes,  v.  d.  L.,  L.  T.  Th 

Umb.  194,  186,  183. 

  plumbeus,  Dlb.,  L.,  Comp.  225. 

— 5ruf.pes,  F.,  L.,  Jas.  283  ;  Comp. 

  spissus,  Schi.,  L.,  Umb.  179,  186. 

'  According ;  to  Frederick  Smith  fhe  original 
specimens  of  doryu* campestris,  L  in  LinnW 
oollectioi,  are  only  males  of  a  mystacTml-, 
and  the  taseot  oalled  a.  eampesMs,  L.,  In  mi 
book  must  be  culled  O.  Fargei,  Nhm'k.  ' 


Pompilus  trivialis,  Kl.,  L.,  Umb.  188, 
174  :  Fagop.  369  ;  Comp.  225. 

 viaticus,  Scop.1  (F.,  uot  L. !)  (1 — li), 

L.  Sid.  Th.,  Umb.  188,  189,  191,  194, 
195,  185  ;  Parn.  157  ;  Hott.  289  ;  Jas. 
283  ;  Comp.  225,  222,  264,  271. 

 spec,  L.,  Corn.  197. 

Priocnemis  bipunctatus,  F.,2  Th.,  Umb. 
172,  191. 

  exaltatus,  F.,  Th.,  Umb.  194. 

  obtusiveutris,  Schi.,    Th.,  Umb. 

191,  195. 

Psammophila  affinis,  K,3  L.  Th.,  Pap. 

-  101  ;  Fch.  310  ;  Lab.  348  ;  Asel.  295  ; 
Scab.  211  ;  Jas.  283  ;  Comp.  259,  255. 

  viatica,  L.,  L.  Th.,  Umb.  191  ; 

Veron.  327  ;  Scab.  211. 
Psen  atratus,  Pz.  (J— |),  L.  Th.,  Umb. 

192  ;  Ros.  133. 
Rhopalum  clavipes,  L.,  L.,  Rut.  84. 
Salius  sanguinolentus,  F.,  L.,  Comp.  248. 
Scolia    bicincta,    hortorum,  4punctata 

m),  Ascl.  295. 
Tachytes  pectinipes,  v.  d.  L.,4  L.  Th, 

Umb.  191,  192  ;  Jas.  283. 

  unicolor,  Pz.,  Th.,  Umb.  192. 

Tiphia  femorata,  F.,  L.  Th.,  Umb.  172, 

191,  192,  193,  194,  195. 
  minuta,  v.  d.  L.,  L.,  Cruc.  27  ; 

Rut.  84. 

  ruficornis,  Kl.  (1),  L.,  Umb.  188. 

Trypoxylon  clavicerum,  Latr.  (i),  Th., 

Umb.  192.  3 
  figulus,  L.  (i),  L.,  Rut.  84. 

G.  Tenthrcdinidoe  (38  species,  125  visits). 

Athalia  rosre,  L.,  L.  Th.,  Umb.  178,  188, 

190,  194,  195,  185,  183. 
 spinarum,  F.,  L.,  Umb.  177  ;  Fagop. 

369. 

Cephus  pallipes,  KL,  L.,  Pan.  8  ;  Cary. 

65.  J 

 spiuipes,  Pz.,  L.,  Ran.  7  ;  Cruc  40. 

 troglodytes,  L.,  L.,  Umb.  177. 

—-spec,  L.,  Pan.  7,  8;  Cruc.  40; 

Comp.  267,  274. 
Cimbex  sericea,  L.,  L.  Sid.,  Umb.  179, 

177,  181,  194;  Comp.  229. 
Dolerus  cenchris,  Htg.,  T.,  Umb.  183. 

—  eglanterite,  F.  (|_ 1)  L.,  Umb. 
177  ;  Sahx  378,  379. 

1  According  to  Frederick  Smith  the  specimens 
of  this  species  in  Linnasus'  collection  are  tdenti- 
oa  with  Splieafusca,  I,,  and  the  Bpecies  must 
therefore  be  called  JP.  fuscus  h 

■  According  to  F.  Smith  =  JP.  variabilis,  Rossi 

..3  Ao.°or  S  to  V.  Smith  this  Bpecies  from 

the  original  type-specimens  in  Fabricius'  collea- 
titin  in  Kiel,  is  identical  with  P.  lutaria  F 
which  name  has  priority. 

■t  According  to  F.  Smith  the  Linnman  type- 
specimena  of  Spheai  peeHnipes,  v.,  show  it  to 
be  a  Pompilus,  ami  what,  is  called  Tachytes 
peatinipes,  L.,  in  this  book,  must  be  called'  T 
pom.pil1form.is,  Pz. 
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Dolerus  gonager,  Kl.,  L.,  Salix  378  ;  Eos. 

151,  127. 

 madidus,  Kl.,  L.,  Salix  378. 

Hylotoma  ccerulescens,  F.,  L.  T.,  Umb. 

177,  194,  182. 

 enodis,  L.,  L.  Th.,  Umb.  177,  183. 

 femoralis,  Kl.,  L.  Th.,  Umb.  179, 

177,  194,  195,  185. 
 rosarum,  F.,  L.  Th.,  Umb.  179, 

177,  181,  175,  194. 

 segmentaria,  Pz.,  Th.,  Umb.  183. 

 ustulata,  L.,  L.  Sid.,  Umb.  179, 

194,  14. 

 vulgaris,  Kl.,  L.  Th.,  Umb.  179, 

194. 

Macrophya  neglecta,  KL,  T.,  Umb.  185. 
Nematus  capi-aete,  L.,  L.,  Eos.  151. 

 hortensis,  Hfg.,  L.,  Umb.  185. 

 myosotidis,  F.,  T.,  Umb.  185. 

 rufescens,  H.,  L.,  Salix  378. 

 vittatus,  Lep.,  L.,  Umb.  185,  174. 

Selandria  serva,  F.  (J— 1),  L.,  Umb.  179, 

177,  181,  194,  195,  185. 
Tarpa  cephalotes,  F.,  Th.,  Comp.  238. 
Tenthredo  annulata,  F.,  L.,  Umb.  194, 

185. 

 atra,  L.,  L.,  Umb.  179. 

 bicincta,  L.,  L.  Sid.,  Umb.  181; 

Eos.  133. 

 bifasciata,  L.,  L.  Th.,  Umb.  179, 

177,  181,  194,  183. 
 flavicornis,  L.,  T.,  Umb.  179,  184, 

182. 

 marginella,  KL,  L.,  Ehus  88. 

 notha,  Kl.  (1§L  L.  T.  Th.,  Sed.  164  ; 

Umb.  179,  177,  181,  178,  189,  194, 

196,  195,  185,  184,  183  ;  Comp.  238, 

225,  229,  227. 
 rapse,  KL,  L.,  Umb:  185  ;  Eubiac. 

206. 

 rustica,  L.,  L.  T.,  Umb.  185,  184  ; 

Eos.  134. 

 scrophularife,  L.,  L.  T.,  Onagr.  166  ; 

Comp.  225,  229. 

 tricincta,  F.,  L.  T.,  Umb.  177,  194. 

 spec,  L.  Th.,  Umb.  179,  177,  181, 

192,  193,  194,  185,  184,  183,  174; 

Hyper.  68*  ;  Eos.  134  ;  Papil.  96*  ; 

Comp.  248,  225,  229,  272. 

H.  Vcspidce  (18  species,  74  visits). 

Eumenes  pomiformis,  Eossi  (2),  L.,  Umb. 
192  ;  Bry.  171  ;  Ehamn.  86  ;  Ehus 
88. 

Odynerus  debilitatus,  Sauss.,  Th.,  Umb. 
190,  192. 

 elegans,  Wesm.,T.,  Umb.  179, 18o. 

 parietum,  L.  (2),  L.  T.  Th.,  Umb. 

172,  192,  193,  194,-196,  184  ;  Clem.  1  ; 

Ees.  44  ;  Bry.  171  ;  Salix  378  ;  Hut. 

84  ;  Cary.  55  ;  Poterium*;  Ech.  310  ; 

Prim.  290*  ;  Scab.  211  ;  Comp.  225, 

234. 


Odynerus  quinfpiefasciatus,  F.  (spinipes, 

L.),  L.  T.,  Umb.  179  ;  Eau.  7  ;  Khus 

88  ;  Geran.  78  ;  Eos.  133. 
 simplex,  F.  =  reniforniis,  Wesm., 

L.  Th.,  Cary.  55  ;  Papil.  212*. 
■  siuuatus,  F.  (according  to  Smith  = 

bifasciatus,  L.)  (1J),  L.  Sid.,  Umb. 

190,  194,  195  ;  Ehus  88  ;  Eos.  132*  ; 

Comp.  225. 

 spinosus,  H.  Sch.,  L.,  Ean.  7. 

 trifasciatus,  F.  (gazella,  Pz.),  L. 

Sid.,  Umb.  194  ;  Papil.  108*. 
—  spec,  L.,  01.  291*;  Caprif.  201. 
Polistes  gallica,  F.  (including  P.  diadema), 

Th.,  Umb.  172,  175,  191,  192,  193  ; 

Scroph.  319  ;  Lab.  339  ;  Ascl.  295  ; 

Symphor.  201  ;  Comp.  240,  257,  250. 
Pterocheilus  phaleratus,  Latr.,  L.,  Comp. 

225. 

Vespa  germanica,  F.,  L.,  Salix  378  ; 

Scroph.  322. 
 holsatica,  F.  (3— U),  L.  Th.,  Umb. 

194  ;  Berb.  18  ;  Scroph.  322  ;  Eric. 

287  ;  Symphor.  201. 
 ■  media,  Deg.,  L.  Th.,  Scroph.  322  ; 

Symphor.  201. 
 rufa,  L.,  L.,  Umb.  190,  194  ;  Berb. 

18  ;  Scroph.  322  ;  Eric.  285  ;  Symphor. 

201. 

 saxonica,  F.,  Th.,  Symphor.  201. 

 vulgaris,  L.  (2— 2§),  L.,  Umb.  194  ; 

Scroph.  322. 

V.  LEPIDOPTERA  (79  species,  365 
different  visits). 

A.  Bombyces  (3  species,  3  visits). 

Dasychira  pudibunda,  L.  (0),  L.,  Caprif. 
202*. 

Euchelia  Jacobreaa,  L.,  L.,  Cruc.  29. 
Porthesia  auriflua,  S.  V.,  L.,  Pap.  90*. 

B.  Microlcxridoptera  (6  species,  13  visits). 

Adela  sulzella,  S.  V.,  L.,  Eos.  133. 
 spec,  L.,  Umb.  177  ;  Salix  378  ; 

Lab.  339  ;  Scab.  211. 
Ephestia  elutella,  Hiibn.,  L.,  Scroph. 

317. 

Botys  purpuralis,  L.,  L.,  Scab.  211,  212  ; 
Jas.  283  ;  Comp.  199,  234. 

 nemotois,  Hb.,  spec,  L.,  Umb.  195. 

Tortrix  plumbagnna,  Tr.,  L.,  Eos.  133. 

C.  Noetuce  (10  species,  42  visits). 

Agrotis  pronuba,  L.,  L.,  Diauth.  54  ; 

Eryth.  298. 
Anarta  myrtilli,  L.,  L.,  Comp.  229. 
Brotalamia  meticulosa,  L.,  L.,  Dianth. 

54. 

Cucullia  umbratica,   L.   (18—22),  L., 

Caprif.  202. 
Dianthoecia  capsincola,  S.  V.  (23—25), 

!,.,  Caprif.  202. 
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Euclidia  glyphica,  L.  (7),  L.,  Ran.  7  ; 
Cruc.  40;  Oaiy.j  57 ;  Papil.  90t,  94+, 
116+  ;  Scroph.  334  ;  Lab.  366  ;  Scab. 
211  ;-.Comp.  249. 

 Mi,  L.,  L.,  Comp.  267. 

Hadena  didyma,  Esp.,  L.,  Comp.  234. 

Mamestra  serena,  S.  V.,  Th.,  Scab.  211. 

Plusia  gamma,  L.  (15),  L.  Th.,vLin.  75  ; 
Dianth.  53,  54;  Papil.  100,  94,  lllf, 
122f,  116+  ;  Ech.  310  ;  Bor.  302  ;  Lab. 
353,  346+  ;  Eryth.  298  ;  Caprif.  202  ; 
Scab.  212  ;  Comp.  257,  259,  253,  246, 
244,  221,  271,  273  (23  visits). 

D.  MJiopalocera  (46  species,  259  visits). 

Argynnis  Aglaia,  L.,  Sid.  Th.,  Lab.  340  ; 

Comp.  248,  237. 
 Paphia,  L.,  Th.  Westf.,  Umb.  190  ; 

Eos.  135  ;  Lab.  371  ;  Comp.  214. 
Colias  Hvale,  L.,  L.  Th.,  Dianth.  53  ; 

Papil.  94  ;  Ech.  310  ;  Lab.  364  ;  Scab. 

211  ;  Comp.  257,  256,  271,  260. 
 (Rhodocera)  rhanmi,  L.,  L.  Sid. 

Th.,  Cruc.  30  ;  Viol.  47,    48,    49 ; 

Dianth.  53  ;  Lythv.  165  ;  Papil.  122  ; 

Bor.  304;  Lab.  366,  350  ;  Comp.  249, 

274. 

Hesperia  (Syrichthus)  alveolus,  Hb.,  L. 

Sid.,  Viol.  49  ;  Papil.  90+  ;  Lab.  366  ; 

Comp.  229,  274. 
 lineola,  O.,  L.,  Umb.  195  ;  Scab. 

211  ;  Comp.  214. 
 (Carterocephalus)   Paniscus,  Esp., 

L.,  Ros.  135. 
 silvanus,  Esp.,  L.  Sid.,  Hyper.  68*; 

Malv.  72  ;  Gary.  59  ;  Papil.  100,  122  ; 

Ech.  310  ;  Lab.  355  ;  Comp.  248,  253, 

225,  272. 

 (Erynnis)  Tages,  L.,  L.,  Papil.  90+. 

■  ■  thaumas,  Hfn.  (linea,  S.  V.),  L., 

Papil.  100,  101,  94+  ;  Bor.  303  ;  Jas. 

283  ;  Comp.  257,  223. 
 spec,  L.  Th.,  Delph.  15+;  Viol. 

49  ;  Papil.  98+,  94+  ;  Lab.  366  ;  Comp. 

229,  274.  1 
Lycsena  yEgon,   S.  V.,  L.,  Jas.  283; 

Comp.  225. 
— —  Alsus,  S.  V.,  Th.,  Papil.  91*  ;  Comp. 

— -  Argiolus,  L.,  I,,  Salix  378  ;  Papil. 

94  ;  Lab.  355  ;  Eric.  285  ;  Comp.  267. 
 Icarus,  Rott.  (Alexis, S.  V.),  L.,  Ran. 

7  ;  Gary.  57  ;  Papil.  90+  ;  Bor.  307  ; 

Lab.  340  ;  Comp.  268. 

—  spec,  L.  Th.,  Papil.  Uf,  116+  ; 
Jl.cn.  310;  Comp.  257,  223,  214. 

Mehtrea  Athalia,  Esp.,  Sid.  Th.,  Lil. 
391  ;  Papil.  355  ;  Comp.  258,  230. 

—  Cinxia  L.  (10),  L.,  Ech.  310. 
lapiho  Machaon,  L.  (18),  L.  Th.,  Lil 

391  i  01.291;  Scab!  210. 

—  Podahrius,  L.,  L.,  Lab.  366  ;  01. 


Pieris  brassiere,  L.  (15),  L.  Th.,  Crac. 
30,  34  ;  Viol.  48  ;  Fagop.  369  ;  Cary. 
57,  59  ;  Ros.  129  ;  Papil.  98+,  100,  94  ; 
Ech.  310  ;  Bor.  309  ;  Lab.  366,  364, 
353,  349,  343  ;  01.  291  ;  Comp.  257, 
248,  250,  253,  246,  267,  264,  275,  262 
(27  visits). 

 (Anthocharis)  cardamines,  L.  (11 — 

12),  L.,iCruc.  30  ;  Viol.  48  ;  01.  291. 

 cratregi,  L.  (17),  L.,  Ros.  135. 

 napi,  L.  (11),  L.,  Crac.  30,  34,  36  ; 

Viol.  48,  49  ;  Bit.  171  ;  Geran.  82  ; 
Fagop.  369  ;  Cary.  65 ;  Ros.  135  ; 
Papil..  115+;  Bor.  309;  Lab.  366; 
01.  291  ;  Comp.  257,  253,  245,  225, 
266,  274  ;  "Valer.  209  (23  visits). 

 rapre,  L.  (12),  L.,  Umb.  196  ;  Cruc. 

34,  36  ;  Viol.  48,  49  ;  Geran.  76  ; 
Malv.  69  ;  Polygon,  371  ;  Dianth.  52  j 
Cary.  57  ;  Lythr.  165  ;  Ros.  129  ;  Pa- 
pil. 100,  94,  121,  122,  117  ;  Lab.  366, 
353  ;  01.  291  ;  Scab.  212  ;  Comp.  253, 
245,  214,  262  (25  visits). 

Polyommatus  dorilis,  Hfn.  (Circe,  S.  V.), 
L.,  Jas.  283;  Comp.  234,  223,  221, 
217. 

 Eurydice,  Rott.,  L.,  Polygal.  51. 

■  phkeas,  L.,  L.  Th.,  Ran.  7  ;  Fagop. 

369  ;  Cary.  60,  53  ;  Scab.  212  ;  Jas. 

283  ;  Comp.  330,  346,  234,  238  (10 

visits). 

Satyrus  (Pararga)  Egeria,  L.,  Westf., 
Comp.  214. 

 (Epinephele)  Galatea,  L.,  Westf., 

Comp.  257,  255,  214. 

 (Epinephele)  Hyperanthus,  L.,  L. 

Sid.,  Lab.  342,  343  ;  Comp.  238. 
(Epinephele)  Janira,  L.    (10),  L., 


Hyper.  68  ;  Dianth.  52  ;  Papil.  100  ; 
Ech.  310  ;  Lab.  340,  342,  337  ;  Jas. 
283  ;  Scab.  211,  212  ;  Comp.  257,  258, 
248,  253,  229,  262. 
 (Erebia)  Medea,  S.  V.,  Sid.,  Scab. 

 (Erebia)  Medusa,   S.  V.,  Westf., 

Comp.  214. 
■  (Pararga)  Megrera,  L.,  L.,  Papil. 

100,  108  ;  Comp.  257,  266,  274. 
 .  (Ccenonympha)  Pamphilus,  L.,  L. 

Sid.  Th.,  Ran.  6,  7  ;  Lab.  340  ;  Jas. 

283  ;  Comp.  257,  225,  217. 

 spec,  L.,  Delph.  15+  ;  Papil.  121. 

lhecla  ilicis,  Esp.,  L.,  Comp.  215. 

 quercus,  L.,  Westf.,  Comp.  214. 

— —rubi,  L.,  L.,  Papil.  95  ;  Eric.  285  ; 

Comp.  248. 

 spec,  L.,  Camp.  257,  216,  217. 

Vanessa  Atalanta,  1,.,  L.,  Comp.  234. 

 C-album,  L.  (11),  L.,  Umb.  188. 

 cardui,  L.,  L.  Th.,  Lab.  364. 

-—  Io  L.  (15-16),  L.  Sid.,  Salix  379  ; 

Papil.  122;  Comp.  237,  214,  274. 
•  urtiere,  L.  (12),  L.  Sid.,  Viol.  47  • 

Salix  378  ;  Fagop.  369  ;  Papil.  100,  94,' 
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122  ;  Lab.  364  ;  01.  291  ;  Scab.  211  ; 
Comp.  255,  248,  237,  218,  266,  275 
(15  visits). 

E.  Sphinges  (14  species,  48  visits). 

Ino  Statices,  L.,  L.  T.  Sid.,  Cary.  57  ; 

Onagr.  166  ;  Scab.  211  ;  Camp.  277  ; 

Jas.  283  ;  Comp.  229. 
Macroglossa  fuciformis,  L.,  L.,  Cary.  57  ; 

Lab.  366,  349  ;  01.  291. 
 stellatarum,  L.,  L.  Sid.  Th.,  Diantb. 

53  ;  Onagr.  169  ;  Ecb.  310  ;  Lab.  364, 

349  ;  Eryth.  298  ;  01.  291  ;  Comp. 

255. 

Sesia  asiliformis,  Rott.  (S.  cynipiformis, 

Esp.),  Th.,  Papil.  94 1  ;  Comp.  238. 
'  empiformis,  Esp.,  Sid.  Th.,  Papil. 

90f  ;  Lab.  340. 
•  tipuliformis,  L.,  L.  T.,  Cruc.  38  ; 

Lab.  340  ;  Comp.  232. 
Sphinx  convolvuli,  L.  (65 — 80),  L.,  Con- 

volv.  311*  ;  Caprif.  202. 
 (Deilephila)  Elpenor,  L.  (20—24), 

L.,  Caprif.  202. 
 ligustri,  L.  (37—42,  L.,)  Sapon.  56  ; 

Caprif.  202. 
 pinastri,  L.  (28—33),  L.,  Caprif. 

20?,. 

■■  (Deilephila)  Porcellus,  L.  (20),  L., 

Cary.  58  ;  Caprif.  202. 


Sphinx  (Smerinthus)  tilise,  L.  (3),  L.. 

Caprif.  202*. 
Zygsena  carniolica,  Scop.  (Zonobiychis 

S.  V.),  Th.,  Dianth.  53 ;  Pap.  94t, 

119t  ;  Comp.  257,  258,  248,  249. 
 lonicerae,  Esp.,  L.  Th.,  Papil.  90t ; 

Ech.  310;  Scab.  211;   Comp.  247, 

257. 


VI.  NEUROPTERA  (4  species,  13  visits). 

Agrion  spec,  L.,  Ros.  133. 
Hemerobius  spec.,  L.,  Umb.  195,  185. 
Panorpa  communis,  L.,  L.  Sid.  T.,  Umb. 

179,  181,  190  ;  Rhus  89  ;  Ros.  133  ; 

Scroph.  317  ;  Comp.  214,  234. 
Sialis  lutaria,  L.,  L.,  Umb.  177,  185. 

VII.  ORTHOPTERA  (3  species,  3  visits). 

Eorficula  auricularia,  L.,  L.,  Papav.  20; 

Camp.  282. 
Podura  spec,  L.,  Convolv.  311*. 

VIII.  THYSANOPTERA  (18  visits). 

Thrips  spec,  L.,  Ran.  9,  10  ;  Cruc.  30, 
39  ;  Res.  42  ;  Cary.  65,  66,  60,  63  ; 
Lythr.  165  ;  Ros.  151,  138  ;  Convolv. 
311*  ;  Scroph.  317  ;  Lab.  339  ;  Vine. 
293  ;  Eric.  287. 


Summary  of  Insect-visits  Noted  in  this  Book. 


Coleoptera   129  species  wilh  469  visits. 

Diptera    253  „  1598  ,, 

Heniiptera   6  „  15  ,, 

Hymenoptera    ...  368  „  2750  ,, 

Lepidoptera    79  „  365  ,, 

Neuroptera    4  „  13  ,, 

Orthoptera   3 

Thysauoptera   ...  1  „  18  ,, 


Altogether...    843  species,  with  5231  different  visits. 
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WITH  THE  NUMBER  OF  THEIR  INSECT- VISITORS. 


Abbreviations. — Coleopt.  =  Coleoptera ;  Dipt.  =  Diptera  in  general ; 
M use.  =  MuscidsB ;  Syrph.  =  Syrphidee  ;  Rhing.  —  Rhingia ;  Hemipt,  = 
Hemiptera  ;  Hymen.  =  Hyiuenoptera,  not  including  the  bees ;  Apid.  = 
Apida?  in  general  ;  A*.  =  Apis  mellificaj  B.  =  Bombus  and  Anthophora  (the 
longest-tongued  of  our  bees)  ;  Lepid.  =  Lepidoptera  in  general ;  Lepid.  d.  = 
diurnal  Lepidoptera ;  Lepid.  n.  =  nocturnal  Lepidoptera ;  Neuropt.  = 
Neuroptera ;  Orthopt.  =  Orthoptera  ;  Th.  =  Thrips. 

The  fi  gures  placed  after  these  abbreviations  indicate  the  number  of  species 
of  insect-visitors  observed.  Groups  of  insects  which  are  useless  in  the  work 
of  fertilisation  are  placed  in  square  brackets  [  ]. 


Akutilon,  p.  145. 
Acacia  Julibrizzin,  p.  220. 
Aeanthacere,  p.  467. 
Acanthus,  p.  468. 
Acer,  p.  164. 

Achillea.  Millefolium,  No.  225  (Apid.  30, 
Hymen.  25,  Dipt.  21,  Lepid.  6,  Coleopt. 
5),  p.  325. 

A.  Ptarraica,  No.  226,  p.  327. 

Aconitum  Lycoctonum,  No.  17  (B.  1), 
p.  87. 

A.  Napellus,  No.  16,  p.  86. 

A.  septentrionale,  p.  88. 

Adenostemma,  p.  318. 

Adonis  vernalis,  p.  73. 

Adontostyles,  p.  361. 

Adoxa  moschatellina,  No.  198  (Dipt.  4, 

Hymen.  3,  Coleopt.  1),  p.  289. 
./Echmanthera,  p.  467. 
yEgiphila  elata,  p.  469. 
M.  mollis,  p.  469. 
M.  obdurata,  p.  469. 
-(Egopodium  Podagraria,  No.  179  (Dipt. 

34,  Coleopt.  21,  Hymen.  33,  Apid.  15, 

Neuropt.  1),  p.  276. 
/Esculus  Hippocastanum,  No.  87  (Apid. 

7),  p.  164.  v  * 

&.  rubicunda,  p,  166. 
Agathea,  p.  361. 

Agrimonia  Eupatorium,  No.  145  (Syrph 
9,  Muse.  1,  Apid.  1),  p.  235. 


Agrostis  alba,  p.  568. 

Aluga  genevensis,  p.  502. 

A.  pyramidalis,  p.  502. 

A.  reptans,  No.  366  (Apid.  15,  Syrph. 

1,  Lepid.  7),  p.  501. 
Alchemilla  alpina,  p.  235. 
A.  fissa,  p.  235. 
A.  pentaphylla,  p.  235. 
A.  vulgaris,  No.  144  {Syrph.  5),  p.  234. 
Alisnia  natans,  p.  567. 
A.  Plantago,  No.  398  (Syrph.  5),  p.  565. 
Alismacete,  p.  565. 
Alliaria  officinalis,  No.  35,  p.  109. 
Allium  carmatum,  p.  554. 
A.  Cepa,  No.  393  (Apid.  3,  Hymen.  3, 

Dipt.  1),  p.  553. 
A.  fistulosum,  p.  554. 
A.  rotundum,  p.  554. 
A;  Schoeuoprasum,  p.  554. 
A.  sibiricum,  p.  554. 
A.  sphairooephalum,  p.  554. 
A.,  ursinum,  No.  392  (B.  1),  p.  553. 
A.  victoriale,  p.  554. 
Alocasia  odora,  p.  564. 
Alopecurus  pratensis,  p.  568. 
Alprnia,  p.  542. 
Alsineas,  p.  131. 
Amarantaoenc,  p.  509. 
Amaryllide.x,  p.  559. 
Ambrosinia  Jia.ssii,  p.  5(15. 
Amelauchier  vulgaris,  p.  242. 
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Amherstia  nobilis,  p.  220. 

Ammannia  latifolia,  p.  261. 

Amorpha  canescens,  p.  198. 

A.  fruticosa,  p.  198. 

Amorphophallus  campanulatus,  p.  563. 

A.  Titanum,  p.  564. 

A.  variabilis,  p.  564. 

Amphicarpoea  monoica,  p.  214. 

Amsinckia,  p.  422. 

Anacamptis  pyramidalis,  p.  534. 

Anacardiacese,  p.  166. 

Anagallis  arvensis,  p.  390. 

A.  ccerulea,  p.  390. 

Anandria,  p.  351. 

Anchusa  officinalis,  No.  302  (Apid.  6, 

Lcpid.  1),  p.  411. 
Andromedeaj,  p.  376. 
Androsaee  Chamaejasme,  p.  389. 
A.  obtusifolia,  p.  389. 
A.  septentrionalis,  p.  389. 
A.  Vitaliana,  p.  389. 
Anemone  alpina,  p.  73. 
A.  narcissifolia,  p.  73. 
A.  neniorosa,  No.  4  (Apid.  5,  Muse.  2, 

Colcopt.  1),  p.  72. 
A.  ranunculoides,  p.  88. 
A.  silvestris,  p.  88. 

Anetlium  graveolens,  No.  192  {Dipt.  15, 

Hymen.  25,  Apid.  6),  p.  283. 
Angelica  silvestris,  No.  190  {Dipt.  11, 

Colcopt.  6,  Apid.  2,  Hymen.  9,  Lcpid. 

1,  Neuropt.  1),  p.  282. 
Angraicum,  p.  528. 
Anoda  hastata,  p.  145. 
Anonacese,  p.  90. 
Anthemidete,  p.  325. 
Anthemis  arvensis,   No.  227  {Apid.  8, 

Hymen.  4,  Dipt.  9,  Colcopt.  3),  p.  329. 
A.  tinctoria,  No.  228  {Apid.  3,  Hymen.  1, 

Dipt.  6,  Coleopt.  2),  p.  329. 
Antbericum  Liliago,  p.  553. 
A.  ramosum,  No.  391  {Apid.  1,  Syrph. 

1,  Lcpid.  2),  p.  552. 
Anthoxanthum  odoratum,  p.  568. 
Anthriscus  Cerefolium,  No.  186  {Dipt.  11, 

Colcopt.  7,  Hymen.  5,  Apid.  3),  p.  281. 
A.  silvestris,  No.  185  {Dipt.  26,  Coleopt. 

20,  Hymen.  20,  Apid.  5,  Neuropt.  2), 

p.  279. 
Anthurium  Pothos,  p.  565. 
Anthyllis  vulneraria,  No.  91  {Apid.  4), 

p.  172. 

Antirrhinum  majus,  No.  321  (B.  5,  [Apid. 

3]),  p.  433. 
Aphelandra  pectinata,  p.  468. 
Apocynacea?,  p.  394. 
Apocynum  androsamiifolium,  p.  396. 
A.  hypericifolium,  p.  396. 
Aquilegia  vulgaris,  No.  13  {B.  2,  [Apid. 

4]),  p.  81. 
Arabis  alpina,  p.  102. 
A.  beUidifolia,  p.  102. 
A.  hirsuta,  No.  29  {Hymen.  1,  Apid.  1, 

Lcpid.  1),  p.  102. 


Arachis,  p.  201. 

Araliaeeaj,  p.  287. 

Araujia  albens,  p.  400. 

Arbutus,  p.  375. 

Arbutea3,  p.  375. 

Arctium  minus,  p.  338. 

A.  tomentosum,  p.  338. 

Arctostaphylos  uva-ursi,  p.  375. 

Arctotis,  p.  361. 

Arenaria  muscosa,  p.  137. 

A.  trinervia,  No.  57  {Coleopt.  1),  p.  136. 

Argemone  ocliroleuca,  p.  94. 

i\ris;ema  filiforme,  p.  564. 

Arisarum,  p.  564. 

Aristolocliia  Bonjdandi,  p.  518. 

A.  Clematitis,  No.  375  {Dipt.  3),  p.  517. 

A.  grandifiora,  p.  519. 

A.  Sipho,  No.  376  {Dipt.  5),  p.  518. 

AristolocMaceai,  p.  517. 

Armeria,  p.  382. 

Armoracia  amphibia,  No.  28  (Hymen.  1, 

Dipt.  4),  p.  102. 
Arnebia,  p.  422. 

Arnica  montana,  No.  237  {Apid.  3,  Dipt. 

10,  Lcpid.  3,  Colcopt.  2),  p.  335. 
Aroidem,  p.  562. 
Aroma  rotundifolia,  p.  242. 
Artemisia  Dracunculus,  No.  235  {Syrph. 

1),  p.  333. 
Artooarpeaj,  p.  521. 
Arum  crinitum,  p.  564. 
A.  Dracunculus,  p.  564. 
A.  italicum,  p.  563. 

A.  maculatum,  No.  397  {Dipt.  1),  p.  562. 
A.  ternatum,  p.  564. 
Asarum  canadense,  p.  517. 
A.  europamm,  p.  517. 
Asclepiadea-,  p.  396. 

Asclepias  Cornuti,  No.  295  {Apid.  10, 

Hymen.  7,  Dipt.  7),  p.  396. 
A.  curassavica,  p.  400. 
A.  fruticosa,  p.  400. 
A.  tenuifolia,  p.  400. 
Asimina  triloba,-  p.  90. 
Asparagus  officinalis,  No.  388  {Apid.  5), 

p.  548. 
Asperula  azurea,  p.  304. 
A.  cynanchica,  No.  207  {Dipt.  1,  Apid. 

1),  p.  302. 
A.  odorata  {A*.),  p.  304. 
A.  pusilla,  p.  306. 
A.  scoparia,  p.  306. 
A.  taurina,  p.  303. 
Aspicarpa  urens,  p.  149. 
Aspidistra  elatior,  p.  560. 
Aster  alpinus,  p.  322. 
A.  Amellus,  No.  219  (Syrph.  1),  p.  322. 
A.  chinensis,  No.  218  (Syrph.  2,  Lcpid. 

1,  Apid.  1),  p.  322. 
Asteroidens,  p.  320. 

Astrantia  major,  No.  173  (Apid.  3,  Dipt. 

3,  Colcopt.  1),  p.  272. 
A.  minor,  p.  273. 
Ataccia  oristata,  p.  558. 
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Atherurus  tripartitus,  p.  564. 
Atragene  alpina,  p.  70. 
Atropa  Belladonna,  p.  427. 
Azalea  procumbens,  p.  380. 

Ballota  nigra,  No.  364  (Apid.  14, 

Lepid.  7),  p.  498. 
Balsamineaj,  p.  160. 
Barbarea  vulgaris,  p.  104. 
Bartsia  alpina,  p.  445. 
Bellidiastrurn,  p.  361. 
Bellis    perennis,    No.   217    (Apid.  8, 

Hymen.  1,  Dipt.  13,  Lepid.  2,  Coleopt. 

3),  p.  321. 
Berberidese,  p.  90. 

Berberis  vulgaris,  No.  18  (Dipt.  11,  Apid. 

10,  Hymen.  2,  Coleopt.  2),  p.  90. 
Bergenia  crassifolia,"  No.  156  (Apid.  2), 

p.  247. 

Betonica  officinalis,  No.  354  (B.  1,  \_Syrph. 

2,  Lepid.  1]),  p.  487. 
Biarum,  p.  565. 
Bidens,  p.  361. 
Bignonia,  p.  466. 
Bignoniacea3,  p.  466. 
Biscutella  laevigata,  p.  108. 
Bonjeania  hirsuta,  p.  173. 
Borageaa,  p.  408. 
Boraginese,  p.  408. 

Borago  officinalis,  No.  301  (Apid.  5),  p. 

409.  '  * 

Borreria,  p.  304. 
Boucerosia,  p.  401. 
Brachypodium  pinnatum,  p.  568. 
Brassica  oleracea,  No.  39  (Coleopt.  1, 

Apid.  6,  Th.  1),  p.  111. 
B.  Rapa,  p.  112. 
Bromus  mollis,  p.  568. 
Browallia  elata.  p.  427. 
Brugmansia  Zippelii,  p.  516. 
Bryonia  dioica,  No.  171  (Apid.  7,  Hymen. 

4,  Coleopt.  1,  Lepid.  1),  p.  268. 
Bryophyllum  calycinum,  p.  251. 
Bunchosia  Gaudichaudiana,  p.  149. 
Bupleurum  falcatum,  No.  175  (Dipt.  4 

Hymen.  3,  Apid.  1),  p.  275. 

B.  rotundifolium,  p.  286. 
Burlingtonia,  p.  528. 
Buxus,  p.  520. 

Cacalia,  p.  361. 
Caesalpiniaceje,  p.  220. 
Caffea  arabica,  p.  304. 
Cajophora  lateritia,  p.  267. 
Calamintha  Acinos,  No.  344  (Apid  1 
Dipt.  1),  p.  477. 

C.  alpina,  p.  477. 

C'476in°     iUm'  N°'  343  (LepicL  2)'  P- 
C.  Nepeta,  p.  476. 
Calathea  discolor,  p.  542. 
C.  zebrina,  p.  542. 
Calceolaria,  p.  431. 


Calendula,  p.  361. 

Calla  palustris,  p.  565. 

Callitriche  verna,  p.  255. 

Calluna  vulgaris,  No.    287   (Apid.  9, 

Hymen.  1,  Dipt.  6,  Th.  1),  p.  377. 
Calogyne,  p.  364. 
Calonyction,  p.  425. 

Caltha  palustris,  No.  11  (Dipt.  7,  Coleopt. 

1,  Apid.  4),  p.  79 . 
CalycanthaceEe,  p.  89. 
Calycanthus  floridus,  p.  89. 
Calystegia  sepium,  p.  424. 
Camarea,  p.  149. 

Campanula  bononiensis,  No.  280  (Apid. 

4,  Coleopt.  1),  p.  368. 
C.  canescens,  p.  369. 
C.  colorata,  p.  369. 
C.  Medium,  p.  366. 
C.  patula,  No.  281  (Apid.  2),  p.  368. 
C.    persicifolia,    No.    282    (Apid.  1, 

[Orthopt.  1]),  p.  368. 
C.  pusilla,  p.  367. 

C.   rapunculoides,  No.  279  (Apid.  9, 

Bhing.  1),  p.  368. 
C.  rotundifolia,  No.  277  (Apid.  10,  Dipt. 

2,  Lepid.  1,  Coleopt.  3),  p.  368. 

C.  Trachelium,  No.  278  (Apid.  9,  Dipt. 

2,  Coleopt.  2),  p.  368. 
Campanulacese,  p.  365. 
Campanulese,  p.  366. 
Canna,  p.  543. 
Cannese,  p.  543. 
Capparidese,  p.  114. 
Capparis,  p.  114. 
Caprificus,  p.  521. 
Caprifoliacese,  p.  289. 
Capsella  bursa-pastoris,  No.  37  (Lepid. 

7,  Muse.  1),  p.  110. 
Cardamine  chenopodifolia,  p.  104. 
C.  impatiens,  p.  104. 
C.  pratensis,  No.  30  (Apid.  9,  Dipl.  6, 

Lepid.  4,  Coleopt.  1,  Th.  1),  p.  102. 
Cardiospermum,  p.  164. 
Carduus  acanthoides,  No.  246  (Apid.  32, 

Hymen.  1,  Dipt.  3,  Lepid.  4,  Coleopt. 

4),  p.  339. 

C.  crispus,  No.  245  (Apid.  5,  Syrph.  1, 

Lepid.  2),  p.  338. 
C.  nutans,  No.  247  (Apid.  5,  Lepid.  1), 

p.  340.  ,  ,  r 

Carex  hirta,  p.  567. 
C.  montana,  p.  567. 

Carlina  acaulis,  No.  241  (Apid.  9,  Coleopt. 
1)>  p.  337. 

C'pVUlfn337  N°'  242  ^Apid"  8'  Hymcn- 
Carum  Carui,  No.  177  (Dipt.  21,  Coleopt. 

5,  Hymen.  17,  Apid.  11,  Lepid.  1, 

Neuropt.  1),  p.  275. 
C.  sativum,  No.  176  (Dipt.  8,  Apid.  10), 

p.  275. 
Caryophyllere,  p.  125. 
Cassia  multijuga,  p.  220. 
Cattleya,  p.  528. 

U  U 
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Cancalis  Anthriscus,  No.  196  (Dipt.  1, 

Hymen.  8,  Lcpid.  1),  p.  286. 
C.  daucoides,  p.  286. 
Celastrinete,  p.  162. 

Centaurea  Cyanus,  No.  259  (Apid.  3, 

Hymen.  1,  Dipt.  3,  Lepid.  1),  p.  350. 
C.  Jacea,  No.  257  {Apid.  28,  Hymen.  1, 

Dipt.  6,  Lepid.  13),  p.  346. 
C.  Scabiosa,  No.  258  (Apid.  14,  Dipt.  2, 

Lepid.  3,  Coleopt.  1,  Hemipt.  1),  p.  349. 
Centranthus  ruber,  p.  308. 
Centrosema,  p.  215. 
Centrostemma,  p.  401. 
Centunculus,  p.  390. 
Cerastium  arvense,  No.  60  (Dipt.  13, 

Apid.  3,  Coleopt.  1,  Th.  1,  Lepid.  1), 

p.  131. 

C.   semidecandrum,  No.  62   (Dipt.  3, 

Apid.  1),  p.  132. 
C.  triviale,  No.  61  (Dipt.  2),  p.  132. 
C.  viscosum,  p.  133. 
Cerinthe  glabra,  p.  421. 
C.  minor,  p.  422. 
Ceropejia  elegans,  p.  401. 
Chaerophyllum  hiisutum,  No.  183  (Dipt. 

1,  Coleopt.  2,  Hymen.  11,  Apid.  1),  p. 

278 

C.  ternulum,  No.  184  (Dipt.  10,  Coleopt. 

5,  Hymen.  7,  Apid.  1),  p.  279. 
Chamsedorea,  p.  562. 
Chamaeorchis,  p.  532. 
Chamissoa,  p.  509. 
Chapmannia,  p.  201. 
Chasalia,  p.  304. 

Chelidonium  majus,  No.  21  (Apid.  7, 

Syrph.  5,  [Dipt.  1]),  p.  94. 
Chelone,  p.  434. 
Chenopodiaceas,  p.  509. 
Chenopodium  album,  p.  509. 
C.  ambrosioides,  p.  509. 
C.  bouus-Henricus,  p.  509. 
Chinionanthus  fragrans,  p.  89. 
Chrysanthemum  corymbosum,  No.  231 

(Hymen.  1,  Dipt.  1,  Hemipt.  1),  p.  331. 
C.  inodorum,  No.  230  (Hymen.  1),  p. 

331. 

C.  leucanthemum,  No.  229  (Apid.  12, 
Hymen.  10,  Dipt.  28,  Lepid.  5,  Coleopt. 
17),  p.  329. 

C.  Parthenium,  No.  232  (Lepid.  1),  p. 
332. 

Chrysocoma  Linosyris,  No.  221  (Apid. 

4,  Dipt.  4,  Lepid.  3),  p.  322. 
Chrysosplenium  alternifolium,  No.  155 

(Dipt.  5,  Hymen.  4,  Coleopt.  4),  p. 

245. 

Chuquiraga  insignis,  p.  351. 
Cichoriacea;,  p.  351.  1 
Cichorium  Intybus,  No.  260  (Apid.  8, 

Dipt.  3,  Lepid.  1,  Coleopt.  1),  p.  351. 
Cinchona,  p.  304. 

Circrea  lutetiana,  No.  170  (Dipt.  5),  p. 
265. 

Cirsium,  nee  Cnicus. 


Cistinene,  p.  117. 

Cist  us  hirsutus,  p.  117. 

C.  villosus,  p.  117. 

Clematis  balearica,  p.  70. 

C.  integrifblia,  p.  70. 

C.  recta,  No.  1  (Apid.  7,  Hymen.  3, 

Syrph.  7,  Muse.  1,  Coleopt.  1),  p.  69. 
Cleome,  p.  114. 
Clitoria  mariana,  p.  215. 
Cnicus  acaulis,  p.  344. 
C.  arvensis,  No.  248  (Apid.  32,  Hymen.Yl, 

Dipt.  24,  Lepid.  7,  Coleopt.  8),  p.  340. 
C.  eriopborus,  No.  251  (Apid.  1),  p.  343. 
C.  heterophyllus,  No.  254,  p.  344. 
C.  lanceolatus,  No.  250  (Apid.  6,  Hymen. 

1,  Syrph.  3,  Lepid.  2),  p.  343. 
C.  ochroleucus,  No.  252,  p.  343. 
C.  oleraceus,  No.  249  (Apid.  2,  Lepid. 

1),  p.  343. 
C.  palustris,  No.  253  (Apid.  9,  Hymen. 

1,  Dipt.  4,  Lepid.  6,  Coleopt.  2),  p.  343. 
C.  spinosissimus,  p.  344. 

Cobsea  penduliflora,  p.  407. 
C.  scandens,  p.  407. 

Cochlearia  officinalis,  No.  32  (Syrph.  3, 

Coleopt.  1),  p.  105. 
Cocos,  p.  562. 

Colchicum  autumnale,  No.  395  (B.  1), 

p.  556. 
Coleus,  p.  471. 
Collinsia  bicolor,  p.  436. 
C.  verna,  p.  436. 
Collomia,  p.  407. 
Combretacere,  p.  255. 
Combretum,  p.  255. 
Commelina  bengalensis,  p.  561. 
Commelinacese,  p.  561. 
Composites,  p.  315. 
Conifera,  p.  526. 

Conium  maculatum,  No.  174  (Dipt.  5, 
Coleopt.  3,  Hymen.  4,  Apid.  1),  p.  274. 

Conophallus  Titanum,  p.  564. 

Convallaria  majalis,  No.  389  (A*.),  p. 
549. 

C.  multiflora,  Eo.  390  (B.  2,  Rhing.  1), 

p.  550. 
C.  verticillata,  p.  550. 
Convolvulaceaj,  p.  423. 
Convolvulus  arvensis,  No.  311  (Apid.  6, 

Dipt.  8,  Coleopt.  3,  Hymen.  1),  p.  423. 
C.  sepium  (Lepid.  n.  1  !  [Dipt.  2,  Apid. 

2,  Coleopt.  1,  Orthopt.  1,  Th.  1])  p.  424. 
Conyza  squarrosa,  No.  220  (Apid.  10, 

Hymen.  1),  p.  322. 
Cordia,  p.  408. 
Cordieaj,  p.  408. 
Coriaria  myrtifolia,  p.  167. 
Coriarieai,  p.  167. 
Cornacere,  p.  287. 

Cornus  sanguinea,  No.  197  (Coleopt.  12, 

Dipt.  2,  Hymen.  1),  p.  287. 
Coronilla  Emerus,  No.  113,  p.  198. 
C.  glauca,  p.  199. 
C.  minima,  p.  199. 


INDEX  OF  PLANTS. 


G59 


Coronilla  montana,  p.  199. 
C.  varia,  No.  114  (A*.),  p.  198. 
Correa,  p.  162. 
Cortusa,  p.  389. 

Corydalis  cava,  No.  23  (B.  1,  [Apid.  6, 

Dipt.  2]),  p.  97. 
C.  lutea,  No.  25  (B.  1),  p.  99. 
C.  nobilis,  p.  98. 
C.  ochroleuca,  p.  98. 

C.  solida,  No.  24  (B.  1,  [Avid.  2,  Dipt. 

2]),  p.  98. 
Cory]  us  Avellana,  p.  523. 
Cotoneaster  vulgaris,  No.  154,  p.  241. 
Crassulacese,  p.  251. 

Cratiegus  Oxyacantha,  No.  153  (Dipt. 

24,  Colcopt.  14,  Apid.  19),  p.  240. 
Crepis  biennis,  No.  263  [Apid.  23,  Dipt. 

7,  Coleopt.  l),p.  353. 
C.  tectorum,  No.  264  (Apid.  8,  Hymen.  1, 

Dipt.  1),  p.  353. 
C.  virens,  No.  265  (Apid.  9,  Dipt.  8, 

Coleopt.  1),  p.  353. 
Crinum,  p.  560. 
Crocus  sativus,  p.  548. 
C.  vermis,  p.  547. 
Cruciferse,  p.  100. 

Cryphiacanthus  barbadensis,  p.  467. 

Cryptocoryne,  p.  565. 

Cryptostachys,  p.  568. 

Cryptostemma,  p.  361. 

Cucurbitaceae,  p.  268. 

Cuphea  floribunda,  p.  261. 

C.  melvilla,  p.  261. 

C  silenoides,  p.  261. 

Cupuliferee,  p.  523. 

Cuscuta  Epithymum,  p.  425. 

Cynanchum  Vincetoxicurn,  p.  401. 

Cynaroideee,  p.  336. 

Cypella,  p.  547. 

Cyperacese,  p.  565. 

Cyphieaj,  p.  366. 

Cypripedinse,  p.  539. 

Cypripedium  barbatum,  p.  541. 

C.  Calceolus,  No.  386  (Apid.  5,  [+  1, 

Dipt.  4,  Coleopt.  1]),  p.  539. 
C.  caudatum,  p.  541. 
Cytinacea;,  p.  516. 
Cytisus  albus,  p.  195. 
C.  canariensis,  p.  195. 
C.  Laburnum,  No.  Ill  (Apid.  6,  [Lepid. 

1,  Coleopt.  1]),  p.  193. 
C.  sagittalis,  p.  195. 

C.  scoparius,  No.  112,  p.  195. 

Djedalacanthus,  p.  467. 
Dahlia,  p.  361. 
Dalechampia,  p.  520. 
Dampiera,  p.  364. 
Daphne  mezcreum,  p.  519. 

D.  striata,  p.  519. 

Daucus    Carota,    No.    195   (Dipt  19 
Coleopt.  10,  Hymen.  19,  Apid.  9,  Lepid. 

2,  Hemi.pt.  1,  Neuropt.  1),  p.  285 
D.  grandiflora,  p.  286. 


Delphinium  Ajacis,  p.  86. 
D.  Consolida,  No.  15  (B.  1,  [Lcpid.  2]), 
p.  85. 

D.  elatum,  No.  14  (B.  1),  p.  83. 

D.  Staphysagria,  p.  85. 

Dendrobium,  p.  527. 

Dianthus  atrorubens,  p.  127. 

D.  Carthusian orum,  No.  53  (Lcpid.  d.  7, 

[Apid.  1]),  p.  126. 
D.  ehinensis,  No.  54  (Lepid.  d.  3),  p. 

127. 

D.  deltoides,  No.  52  (Lcpid.  d.  2,  [Syrph. 

4]),  p.  125. 
D.  silvestris,  p.  127. 
D.  superbus,  p.  127. 
Diclytra  cucullaria,  p.  96. 
D.  eximia,  p.  96. 

D.  spectabilis,  No.  22  (B.  2,  [Apid.  6]), 

p.  95. 
Dictamnus,  p.  162. 
Diervilla,  p.  299. 
Digitalis  ambigua,  p.  438. 
D.  lutea,  p.  438. 

D.  purpurea,  No.  323  (B.  3,  [Apid.  2, 

Coleopt.  3]),  p.  437. 
Dionysia,  p.  389. 
Dioscorea,  p.  561. 
Dioscoreacese,  p.  561. 
Diospyros  virginiana,  p.  392. 
Diplacus,  p.  426. 
Dipsacea?,  p.  308. 

Dipsacus  silvestris,  No.  210  (B.  3),  p.  308. 

Dipteracanthus,  p.  467. 

Doronicum,  p.  361. 

Dorycnium  hirsutum,  p.  173. 

Draba  aizoides,  p.  105. 

D.  verna,  No.  31  (Apid.  3),  p.  105. 

D.  Wahlenbergii,  p.  105. 
Dracunculus  vulgaris,  p.  564. 
Drosera,  p.  255. 
Droseraceae,  p.  255. 
Drummondia,  p.  243. 
Dryas  octopetala,  p.  228. 

Ebenaceje,  p.  392. 
Echinops  Ritro,  p.  337. 

E.  sphajrocephalus,  No.  240  (Apid.  5, 
Hymen.  1),  p.  336. 

Echinospermum  Lappula,  p.  416. 
Echium  vulgare,   No.  310  (Apid.  44, 

Hymen.  5,  Dipt.  6,  Lepid.  9,  Co/copl. 

1),  p.  418. 
Elajagnacea;,  p.  520. 
Elajagnus,  p.  520. 
Emperraeeaj,  p.  526. 
Empetrum,  p.  526. 
Epacrideie,  p.  382. 
Epaoris,  p.  382. 
Epidendrete,  p.  528. 
Epiclendrum,  p.  529. 
Kpigwa,  p.  376. 
Epilobium  alpinum,  p.  264. 
E.  angustifoliuni,  No.  166  (Apid.  1C, 

Hymen.  4,  Dipt.  3,  Lepid.  1),  p.  261. 
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Epilobium  Fleischeri,  p.  262. 
E.  hirsutum,  p.  263. 

E.  origanifolium,  No.  168  (Lepid.  1),  p. 
263. 

E.   parviflorum,  No.  167  (Coleopt.  1), 

p.  262. 
Epipactis  latifolia,  p.  532. 
E.  microphylla,  p.  532. 
E.  palustris,  p.  533. 
E.  viridiflora,  p.  532. 
Epipogon  Gmelini,  p.  533. 
Eranthemum,  p.  467. 
Eranthis  hiemalis,  No.  12  (Dipt.  3,  A*.) 

p.  80. 

Eremurus  spectabilis,  p.  552. 
Erica  carnea,  p.  377. 
E.  cinerea,  p.  377. 

E.  tetralix,  No.  286  (Apid.  7,  Syrph.  3, 

Lepid.  1),  p.  376. 
Ericacese,  p.  375. 
Ericeae,  p.  376. 
Erigeron  alpinus,  p.  322. 
E.  nniflorus,  p.  322. 
Eritriclrium,  p.  422. 

Erodium  Cicutariuni,  No.  83  (Apid.  1, 

Coleopt.  1),  p.  158. 
Ervum  lens,  p.  201. 

Eryngram  cauipestre,  No.  172  (Hymen. 

11,  Apid.  5,  Dipt.  8),  p.  271. 
Erythrsea  Centaurium,  No.  298  (Lepid. 

d.  3),  p.  407. 
Erythrina  crista- galli,  p.  215. 
E.  herbacea,  p.  215. 
E.  velutina,  p.  215. 
Erythroxylon,  p.  149. 
Esehscholtzia  californica,  p.  94. 
Eupatoriacese,  p.  318. 
Eupatorium     cannabinum,     No.  214, 

(Apid.  2,  Dipt.  6,  Lepid.  7),  p.  318. 
Euphorbia  Cyparissias,  p.  520. 
E.  lielioscopia,  p.  519. 
Euphorbiacese,  p.  520. 
Euphrasia  minima,  p.  447. 
E.  officinalis,  No.  332  (Apid.  4,  Dipt. 

3),  p.  447. 
E.  salisburgensis,  p.  450. 
Euonymus  europ£e.a,  No.  85  (Dipt.  12, 
Hymen.  1),  p.  162. 


Faramea,  p.  304. 
Festuca  pratensis,  p.  568. 
Ficus  Carica,  No.  377,  p.  521. 
Forsythia,  p.  392. 

Fragaria  vesca,  No.  138  (Dipt.  8,  Coleopt. 
7,  Th.  1,  Apid.  8,  Hymen.  1),  p. 
230. 

FritiUaria  imperialis,  p.  556. 

Fuchsia,  p.  265. 

Fumaria  capreolata,  p.  100. 

F.  officinalis,  No.  26  (A*.),  p.  99. 

F.  parviflora,  p.  100. 

F.  spicata,  p.  100. 

Fumariacese,  p.  95. 


Gagea  arvensis,  p.  556. 
G.  Liottardi,  p.  556. 
G.  lutea,  p.  556. 
Galactia,  p.  215. 

Galanthus  nivalis,  No.  396  (A*.),  p.  559. 
Galeobdolon  luteum,  No.  360  (B.  5,  [B. 

1,  Apid.  1]),  p.  496. 
Galeopsis  Ladanum,  No.  358  (B.  3,  Apid. 

1),  p.  493. 
G.  ochroleuca,  No.  357  (B.  1),  p.  492. 
G.  tetrahit,  No.  356  (B.  3,  {Apid.  1, 

Syrph.  1]),  p.  491. 
G.  versicolor,  p.  493. 
Galium  boreale  (Dipt.  1),  p.  301. 
G.  cruciatum,  p.  306. 
G.  Mollugo,  No.  205  (Dipt.  8,  Hymen. 

1),  p.  300. 
G.  palustre,  p.  302. 
G.  silvestre,  p.  301. 
G.  tricornc,  p.  302. 
G.  uliginosum,  p.  302. 
G.  verum,  No.  206  (Dipt.  2,  Coleopt.  4, 

Hymen.  1),  p.  301. 
Gaudichaudia,  p.  149. 
Genista  anglica,  No.  109  (Apid.  3),  p. 

192. 

G.  pil'osa,  No.  110  (A*.),  p.  193. 

G.  tinctoria,  No.  108  (Apid.  16,  [Hymen. 

1,  Dipt.  3,  Lepid.  1,  Coleopt.  3]),  p. 

188. 

Genistese,  p.  187. 
Gentiana  acaulis,  p.  403. 
G.  Amarella,  No.  297  (B.  1),  p.  404. 
G.  asclepiadea,  p.  403. 
G.  bavarica,  p.  404. 
G.  campestris,  p.  405. 
G.  ciliata,  p.  404. 
G.  glacialis,  p.  404. 
G.  lutea,  p.  402. 
G.  nana,  p.  405. 
G.  nivalis,  p.  404. 
G.  obtusifolia,  p.  405. 
G.  Pneumonanthe,  No.  296  (B.  2),  p. 
403. 

G.  punctata,  p.  403. 
G.  tenella,  p.  404. 
G.  verna,  p.  404. 
Gentianea;,  p.  402. 
Geraniacefe,  p.  149. 
Geraniea;,  p.  149. 

Geranium  molle,  No.  80  (Dipt.  5,  Apid. 

3),  p.  153. 
G.  palustre,  No.  76  (Apid.  9,  Dipt.  6, 

Lepid.  1),  p.  149. 
G.  pratense,  No.  77  (Apid.  12,  Dipt.  1), 

p.  150. 

G.  pusillum,  No.  81  (Syrph.  1),  p.  154. 
G.   pyrenaicum,   No.    78   (Apid.  10, 

Hymen.  2,  Dipt.  12,  Coleopt.  3),  p. 

151. 

G.  robertianum,  No.  82  (Ming.  1, 
Coleopt.  1,  Lepid.  1),  p.  156. 

G.  sanguineum,  No.  79  (Apid.  2,  Hymen. 
2,  Bhing.  1),  p.  152. 


INDEX  OF  PLANTS. 


661 


Gesueracefe,  p.  466. 
Geum  montanum,  p.  229. 
G.  reptans,  p.  229. 

G.  rivale,  No.  136  (B.  11,  [Apid.  2], 
Mhing.  1,  Coleopt.  1),  p.  229. 

G.  urbanum,  No.  137  (Syrph.  1,  Coleopt. 
1),  p.  230. 

Gilia  micrantlia,  p.  408. 

G.  pulchella,  p.  408. 

Gladiolus  communis,  p.  548. 

G.  palustris,  p.  548. 

G.  segetum,  p.  548. 

Glaucium  luteum,  p.  94. 

Glechoma  ;  see  Nepeta,  p.  484. 

Globularia  cordifolia,  p.  468. 

G.  nudicaulis,  p.  468. 

G.  vulgaris,  p.  468. 

Globulariacese,  p.  468. 

Gloriosa  superba,  p.  557. 

Glossostigma  elatinoides,  p.  436. 

Glycine,  p.  214. 

Gnapbalium  luteo-album,  No.  222  (Apid. 

2,  Hymen.  2,  Dipt.  4),  p.  324. 
G.  uliginosum  (Apid.  1),  p.  324. 
Godetia,  p.  265. 
Grethea  coccinea,  p.  146. 
Goldfussia  anisopbylla,  p.  467. 
Gomeza,  p.  528. 
Gompbocarpus,  p.  400. 
Gossypium  berbaceum,  p.  145. 
Goodenia,  p.  364. 
Goodenoviese,  p.  364. 
Goodyera  Tepees,  p.  532. 
Gramineas,  p.  568. 
Gymnadenia  conopsea,  p.  534. 
G.  odoratissima,  p.  534. 
Gymnospermese,  p.  526. 
Gypsophila  paniculata,  No.  55  (Dipt.  15, 

Hymen.  5),  p.  127. 

G.  repens,  p.  128. 

Habenaria,  p.  533. 
Haloragese,  p.  255. 
Hedera,  p.  287. 
Hedychium,  p.  542. 
Hedyotis,  p.  304. 
Heeria,  p.  255. 

Heliantbemum  alpestre,  p.  117. 

H.  guttatum,  p.  117. 
H.  Kabiricum,  p.  117. 
H.  ledifolium,  p.  117. 
H.  Lippii,  p.  117. 

H.  villosum,  p.  117. 

H.  vulgare,  No.  45  (Syrph.  6,  Apid.  4, 

Coleopt.  1),  p.  117. 
Helianthoidea?,  p.  325. 
Heliantbus  multiflorus,  No.  224  (Apid. 

1,  Syrph.  3),  p.  325. 
Helleborus,  p.  81. 
Hemerocallis  fulva,  p.  554. 
Hepatica  triloba,  p.  71. 
Heracleum  Spbondylium,  No.  194  (Dipt. 

49,  Coleopt.  21,  Hymen.  34,  Apid.  13, 

J/emipt.  ]),  p.  284. 


Herminium  Monorcbis,  p.  533. 
Herniaria  glabra,  p.  509. 
Hesperis  matronalis,  No.  34  (Dipt.  6, 
Apid.  3,  Lepid.  3,  Coleopt.  1),  p.  108. 
H.  tristis,  p.  108. 
Heterocarpaia,  p.  201. 
Heterotoma,  p.  365. 
Heterotropa  asaroides,  p.  517. 
Heuchera,  p.  243. 

Hieracium  pilosella,  No.  267  (Apid.  9, 
Hymen.  1,  Dipt.  2,  Lepid.  3,  Coleopt. 
3),  p.  355. 

H.  umbellatum.   No.  266  (Apid.  10, 

Hymen.  1,  Dipt.  5,  Lepid.  4),  p.  354., 
H.  vulgatum,  No.  268  (Apid.  8,  Lepid. 

1),  p.  356. 
Himantoglossum  hircinum,  p.  534. 
Hippocrepis  comosa,  No.  115,  p.  199. 
Hockinia,  p.  422. 
Homogyne  alpina,  p.  335. 
Honkeneja  peploides,  p.  137. 
Hordeum  disticbum,  p.  568. 
H.  vulgare,  p.  568. 
Horminum  pyrenaicum,  p.  477. 
Hottonia  palustris,  No.  289  (Hymen.  1, 

Dipt.  6),  p.  386. 
Hoya,  p.  401. 
Hutcbinsia  alpina,  p.  111. 
Hyacinthus  orientalis,  No.  394  (Apid.  4, 

Dipt.  1,  Coleopt.  1),  p.  554. 
Hydrangese,  p.  248. 
Hydrocharidese,  p.  526. 
Hydrocbaris,  p.  527. 
Hydrocotyle  americana,  p.  271. 
H.  vulgaris,  p.  271. 

Hyoscyamus  niger,  No.  316  (Apid.  2), 

p.  427. 
Hyoseris  radiata,  p.  351. 
Hypecoum  grandinorum,  p.  95. 
H.  procumbens,  p.  95. 
Hypericacese,  p.  139. 
Hypericum  hirsutum,  p.  140. 
H.  humifusum,  p.  141. 
H.  perforatum,  No.  68  (Apid.  8,  Hymen. 

1,  Dipt.  15,  Lepid.  2,  Coleopt.  1),  p. 

139. 

H.  quadrangulum,  p.  141. 
Hypocboeris  glabra,  No.  269  (Apid.  5), 
p.  356. 

H.  radicata,  No.  270  (Apid.  22,  Dipt. 
6),  p.  356. 

Jllecebraceje,  p.  509. 
Illecebrum  verticillatum,.p.  509. 
Illicium  religiosum,  p.  89. 
lmpatiens,  p.  160. 
Indigofera  macrostachya,  p.  198. 

I.  speciosa,  p.  198. 
Inula,  p.  361. 
Inuloideoe,  p.  324. 
loeroma  tubulosum,  p.  427. 
lonidium,"  p.  121. 
Ipomea  pestigridis,  p.  425. 
Iriderc,  p.  543. 
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Iris  Pseud-Aconis,  No.  387  (B.  4.  [Apid. 

2],  Jt/iing.  1),  p.  543. 
Isotoma  axillaris,  p.  365. 

Jakusia,  p  149. 

Jasione  moutana,  No.  283  (Apid.  47, 
Hymen.  20,  Dipt.  22,  Lepid.  7,  Coleopt. 
3),  p.  369.  * 

Jasmiuum,  p.  392. 

Juglandacese,  p.  523. 

Juglans  cinerea,  p.  523. 

J.  regia,  p.  523. 

Juncaceas,  p.  561. 

Juncus  bufonius,  p.  561. 

J.  filiformis,  p.  561. 

J.  spkserocarpus,  p.  561. 

Jurinea,  p.  361. 

Kalmia  angustifolia,  p.  381. 
K.  latifolia,  p.  380. 
K.  polifolia,  p.  380. 
Kernera  saxatilis,  p.  105. 
Knautia  ;  see  Scabiosa,  p.  309. 
Knoxia,  p.  304. 

Labiate,  p.  469. 

Lactuca,  p.  361. 

Lagerstroemia,  p.  260. 

Lamium  album,  No.   359    (Apid.  11, 

[Apid.  5],  Eking.  1),  p.  493. 
L.  amplexicaule,  p.  496. 
L.  Galeobdolon,  No.  360  (B.  5,  [B.  1, 

Apid.  1]),  p.  496. 
L.  incisutn,  No.  363  [Apid.  5),  p.  498. 
L.  maculatum,  No.  361  (Apid.  2,  [Apid. 

2],  Rhing.),  p.  496. 
L.  purpureum,  No.  362  (Apid.  9,  Dipt. 

1),  p.  497. 
Lantana,  p.  469. 

Lappa  minor,  No.  243  (Apid.  2),  p.  338. 
L.  tomentosa,  No.  244  (Apid.  5.  Lepid. 
1),  p.  338. 

Lapsana  communis,  No.  261  (Syrph.  3), 

p.  351. 
Larix,  p.  526. 

Lathyrusgraudiflorus,  p.  211. 

L,  montanus,  No.  123  (Apid.  2,  [Lepid. 

1]),  p.  210. 
L.  odoratus,  No.  124,  p.  211. 
L.  pratensis,  No.  120  (Apid.  5),  p.  207. 
L.  silvestris,  No.  122  (Apid.  1,  [Lepid. 

5]),  p.  210. 
L.  tuberosus,  No.  121  (Apid.  1,  [Lcpid. 

2]),  p.  210. 
L.  vermis,  No.  125  (Apid.  1),  p.  211. 
Lavandula  vera,  No.  336  (Apid.  11),  p. 

469. 
Lechea,  p.  117. 
Leguminosaj,  p.  167. 
Lemna  gibba,  p.  565. 
I.,  minor,  p.  565. 
I,,  polyrrhiza,  p.  565. 
1;.  trisulca,  p.  565. 
Lemnacete,  p.  565. 


Lentibularieaj,  p.  465. 

Leontodon  autumnale,  No.  27l(Apid.  14 

Hymen.  1,  Dipt.  11,  Lepid.  2),  p.  356' 
L.  hastile,  No.  272  >(Apid.  9,  Hymen.  1. 

Dipt.  8,  Lepid.  1),  p.  358. 
L.  hirtus,  No.  273  (Apid.  15,  Syrph.  3, 

Lepid.  1),  p.  358. 
Leonurus  Cardiaca,  p.  495. 
Lepidium  sativum,  No.  38  (Dipt.  10, 

Hymen.  5,  Apid.  6,  Coleopt.  4,  Lepid. 

1),  p.  110. 
Leptosiphon  micrantlium,  p.  408. 
Leschenaultia  formosa,  p.  364. 
Lesperdeza,  p.  201. 
Leucosmia,  p.  519. 
Liatris,  p.  361. 

Ligustrum  vulgare,  No.  292  (Apid.  1, 

Syrph.  1),  p.  393. 
Liliacea?,  p.  548. 
Lilium  bulbiferum,  p.  555. 
L.  croceum,  p.  556. 
L.  Alartagon,  p.  555. 
Limnanthemum,  p.  407. 
Linaria  alpina,  p.  432. 
L.  Cymbalaria,  p.  433. 
L.  minor,  p.  432. 

L.  vulgaris,  No.  320  (Apid.  8,  [Hymen. 

.1]),  p.  431. 
Linete,  p.  147. 
Linnrea  borealis,  p.  293. 
Linum  catharticum,  No.  74  (Dipt.  2), 

p.  147. 

L.   usitalissimum,   No.   75   (Apid.  2, 

Lepid.  1),  p.  148. 
Listera    ovata,    No.    380   (Coleopt.  2, 

Hymen.  7,  [B.  1]),  p.  295. 
Lithospermum  arvense,  No.  309  (Lepid. 

d.  2),  p.  417. 
L.  caneseens,  p.  418. 
L.  longiflorum,  p.  418. 
Lloydia  serotina,  p.  555. 
Loasea;,  p.  267. 
Lobelia  Erinus,  p.  365. 
L.  fulgens,  p.  365. 
L.  syphilitica,  p.  365. 
Lobelieae,  p.  365. 
Loiseleuria  procumbens,  p.  300. 
Louicera  alpigena,  p.  298. 
L.  Caprifolium,  No.  202  (Lepid.  n.l  7, 

[+  3,  Apid.  2,  Dipt.  3]),  p.  293. 
L.  ccerulea,  p.  295. 

L.  Periclymenum  (Lepid.  n. !  [B.  1]), 

p.  295. 
L.  serotina,  p.  555. 
L.  tatarica,  No.  203,  p.  297. 
L.  Xylosteum,  No.  204  (Apid.  3,  Dipt. 

2),  p.  297. 
Lopezia  coronata,  p.  265. 
L.  iniuiata,  p.  265. 
L.  racemosa,  p.  265. 
Lotese,  p.  167. 

Lotus  corniculatus,  No.  90  (Apid.  22, 

[Dipt.  2,  Lepid.  6]),  p.  167. 
Luculia,  p.  304. 
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Lupinus  luteus,  No.  107  (Apid.  3),  p. 
187. 

Luzula  campestris,  p.  561. 

L.  lutea,  p.  561. 

L.  nivea,  p.  561. 

L.  pilosa,  p.  561. 

Lychnis  alpina,  p.  129. 

L.  flos-cuculi,  No.  57  {Apid.  7,  Lepid. 

6,  Syrph.  3),  p.  129. 
L.  Hos-Jovis,  p.  129. 

L.  Githago,  No.  59  {Lepid.  d.  2,  [Rhing. 

1]),  p.  131. 
L.  vespertina,  No.  58  [Lepid.  n.  1),  p.  131. 
L.  viscaria,  p.  129. 

Lycium  barbarum,  No.  315  (Apid.  3), 
p.  426. 

Lyoopsis  arvensis,  No.  303  (Lepid.  d.  1), 
p.  411. 

Lycopus  europoaus,  No.  339  (Hymen.  1, 
Dipt.  6,  Hemipt.  1,  Lepid.  1,  Th.  1), 
p.  471. 

Lysimachia  Nummularia,  p.  390. 

L.  thyrsiflora,  p.  390. 

L.  vulgaris,  No.  290  (Apid.  3,  Hymen. 

1,  Syrph.  1),  p.  389. 
Lythrariese,  p.  255. 
Lythrum  Graefferi,  p.  260. 
L.  hyssopifolia,  p.  260. 
L.  Salicaria,  No.  165  (Apid.  9,  Syrph.  7, 

Lepid.  2,  Coleopt.  2,  Th.  1,  Hemipt.  1), 

p.  255. 
L.  thyniifolia,  p.  260. 

Magnolia  Ulan,  p.  89. 
M.  grandiflora,  p.  90. 
Magnoliaeea?,  p.  89. 

Malachium  aquaticum,  No.  63  (Dipt.  5, 
Coleopt.  1,  Th.  1,  Apid.  3),  p.  133. 

Malpighiacese,  p.  149. 

Malva  Alcea,  No.  71  (Apid.  3),  p.  144. 

M.  moscliata,  No.  72  (Apid.  3,  Dipt.  1, 
Lepid.  1),  p.  144. 

M.  rotundifolia,  No.  70  (Apid.  4),  pp. 
142,  144. 

M.  silvestris,  No.  69  (Apid.  26,  Hymen. 

1,  Dipt.  2,  Lepid.  1,  Coleopt.  1),  p. 
142. 

Malvacese,  p.  142. 

Mandragora  vernalis,  p.  427. 

Manettia,  p.  304. 

Maranta  arundinacea,  p.  543. 

M.  bicolor,  p.  542. 

M.  cannnsfolia,  p.  542. 

Marantea;,  p.  542. 

Marcgravia  nepenthoides,  p.  142. 

Marcgraviaceoo,  p.  142. 

Marrubium,  p.  489. 

Martha  fragrans,  p.  305. 

Martiusia,  p.  214. 

Martynia,  p.  466. 

Matricaria  Chamomilla,  No.  233  (Apid. 

2,  Hymen.  1,  Dipt.  11,  Coleopt.  3),  p. 
332. 

Maurandia,  p.  434. 


Medicago  falcata,  No.    94  (Apid.  11, 
..  Dipt.  2,  [Lepid.  5]),  p.  179. 
M.  lupulina,  No.  95  (Apid.  4,  Dipt.  2, 

Lepid.  1),  p.  180. 
M.  sativa,  No.  93  (Lepid.  d.  9  ?,  [Apid. 

2]),  p.  175. 
Melampodium,  p.  361. 
Melampyrum  arvense,  p.  461. 
M.  nemorosum,  p.  461. 
M.  pratense,  No.  335  (Apid.  3,  [+  3, 

Dipt.  1]),  p.  458. 
M.  silvaticum,  p.  461. 
Melastomacese,  p.  255. 
Melilotus  officinalis,  No.  96  (Apid.  5, 

Hymen.  1,  [+  1]),  p.  180. 
M.  vulgaris,  No.  97  (A*.),  p.  181. 
Melittis  melissophyllurn,  No.  351  (Apid. 

1),  p.  486. 
Melvilla,  p.  261. 

Mentha  aquatica,  No.  338  (Apid.  4, 

Hymen.  1,  Dipt.  18),  p.  471. 
M.  arvensis,  No.  337  (Dipt.  10,  Lepid. 

1)  ,  p.  470. 
Menyanthes  trifoliata,  p.  407. 
Mertensia,  p.  422. 
Methonica  superba,  p.  557. 
Meum,  p.  286. 

Meyenia  erecta,  p.  467. 

Mimosacese,  p.  220. 

Mimulus,  p.  436w 

Mirabilis  Jalapa,  p.  508. 

Mitchella,  p.  304. 

Mitella  pentandra,  p.  243. 

Mcehringia  trinervia,  No.  67  (Coleopt.  1), 

p.  136. 
Monarda  ciliata,  p.  477. 
M.  didyma,  No.  345  (Lepid.  1),  p.  477. 
Monochoria,  p.  561. 
Monocotyledons,  p.  526.- 
Morina  elegans,  p.  308. 
Musa,  p.  543. 
Muscari  botryoides,  p.  554. 
Museae,  p.  543. 
Mutisiaceas,  p.  351. 
Myosotis  alpestris,  p.  415. 
M.  hispida,  No.  308  (Apid.  1),  p.  416. 
M.  intermedia,  No.  306  (Apid.  3,  Dipt. 

2)  ,  p.  415. 

M.  palustris,  No.  307  (Lepid.  1,  Dipt.  1), 
p.  416. 

M.  silvatica,  No.  305  (Apid.   1,  Dipt. 

11),  p.  414. 
M.  versicolor,  p.  416. 
Myosurus  minimus,  p.  73. 
Myriophyllum  spicatum,  p.  255. 
M.  verticillatum,  p.  255. 
Mynhis  odorata,   No.   182   (Dipt.  3, 

Coleopt.  1,  Hymen.  1,  Apid.  1),  p.  278. 

Naiadaceje,  p.  567. 
Narcissus  Tazetta,  p.  560. 
Nardus  stricta,  p.  568. 
Nasturtium  amphibia,  No.  28  (Hymen  1 
Dipl.  4),  p.  102. 
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Nasturtium  officinale,  p.  101. 

N.  silvestre,  No.  27  (Hymen.  2,  Apid.  3. 

Dipt.  5),  p.  100.  ' 
Neea  theifera,  p.  508. 
Neotinea,  p.  527. 

Neottia  nidus-avis,  No.  381,  (Divt  1 
[+  2]),  p.  531.  ■  *  ' 

Neottiese,  p.  529. 

Nepcta  Glechoma,  No.  349  (Apid.  21, 

Dipt.  4,  Lepid.  3),  p.  484. 
Nerium  odorum,  p.  396. 
N.  Oleander,  p.  396. 
Nertera,  p.  304. 
Nessea,  p.  260. 
Neurocarpum,  p.  214. 
Nigella  arvensis,  p.  81. 
N.  damascena,  p.  81. 
Nigritella  angustifolia,  p.  534. 
N.  suaveolens,  p.  534. 
Notylia,  p.  528. 

Nupkar  luteurn,  No.  19  (Dipt.  1.  Coleopt. 
.  1),  p.  93. 
Nyctaginea;,  p.  508. 
Nympliaja  alba,  p.  93. 
N  ympheeacese,  p.  93. 

Ocymum,  p.  469. 

Odontites  lutea,  No.  331,  p.  447. 

O.  serotina,  No.  330  (Apid.  3),  p.  445. 

Uiuanthe  fistulosa,  No.   187  (Dipt.  9, 

Coleopt.  1,  Apid.  3),  p.  281. 
03.  Phellandrium,  No.  188  (Dipt.  7, 

Coleopt.  3,  Hymen.  7,  Apid.  2,  Lepid. 

1),  p.  281. 
Oenothera  biennis,  No.  169  (Lepid.  n.  1, 

Apid.  6,  Syrph.  3),  p.  264. 
(E.  sinuata,  p.  264. 
tE.  tenella,  p.  265. 
Oleacese,  p.  392. 

Omphalodes  verna  (Apid.  2).  p.  416. 
Onagrarieae,  p.  261. 
Oncidium,  p.  528. 

Onobrychis  sativa,  No.  116  (Apid.  22, 

Syrph.  1,  Lepid.  5),  p.  200. 
Ononis  spinosa,  No.  92  (Apid.  13),  p.  174. 
Onopordon  Acanthium,  No.  255  (Apid. 

11,  Hymen.  1,  Lepid.  3,  Coleopt.  1, 

Hemipt.  2),  p.  344. 
Optiiorluza,  p.  304. 
Ophrydese,  p.  533. 
Ophrys  muscifera,  p.  534. 
Orchidese,  p.  527. 
Orchis  globosa,  p.  539. 
O.  latifolia,  No.  384  (Apid.  12,  Dipt.), 

pp.  535,  539. 
O.  maculata,  No.  385  (B.  1,  Dipt.  4),  pp. 

535,  539. 

O.  mascula,  No.  382  (B.  8),  pp.  535,  539. 
0.  morio,  No.  383  (Apid.  9),  pp.  535, 
539. 

O.  tridentata,  p.  539. 
0.  ustulata,  p.  539. 

<  >i  iganum  vulgare,  No.  342  (Apid.  5, 
Dipt.  12,  Lepid.  2),  p.  475. 


Oryza  clandestina,  p.  568. 
Oxalideae,  p.  159. 
Oxalis,  p.  159. 
Oxybaphus,  p.  508. 

PiEONIA  MOUTAN,  p.  88. 

Paliurus  aculeatus,  p.  163. 
Palmse,  p.  562. 

Pancratium  maritimum,  p.  560. 

Papaver  alpinum,  p.  94. 

P.  Argemone,  p.  94. 

P.  Argemonoides,  p.  94. 

P.  dubium,  p.  94. 

P.  hybridum,  p.  94. 

P.  Rhceas,  No.  20  (Apid.  7,  Dipt.  1, 
Coleopt.  1,  Orthopt.  1),  p.  93. 

Papaveracese,  p.  93. 

Paradisia  Liliastrum,  p.  552. 

Parietaria,  p.  520. 

Paris  quadrifolia,  p.  557. 

Parnassia  palustris,  No.  157  (Muse.  15, 
Hymen.  4,  Coleopt.  2),  p.  247. 

Passiflora  coerula,  p.  267. 

P.  racemosa,  p.  268. 

Passifloreae,  p.  267. 

Pastinaca  sativa,   No.   193   (Dipl.  7, 

Hymen.  7),  p.  284. 
Paullinia,  p.  164. 
Pavia  rubicunda,  p.  166. 
Pavonia  hastata,  p.  146. 
Pedicularis  silvatica,  No.  333  (B.  6,  T  + 

1]),  p.  450. 
P.  verticillata,  p.  454. 
Pelargoniese,  p.  159. 
Pelargonium,  p.  158. 
Pemphis,  p.  261. 
Pentstemon,  p.  434. 
Periploca,  p.  402. 
Petasites  albus,  p.  334. 
Petroseliuum  sativum,  No.  176  (Dipl.  8, 

Apid.  1),  p.  275. 
Peucedanum  Cervaria,  No.  191  (Dipt.  4, 

Coleopt.  2,  Hymen.  15.  Apid.  5),  p. 

282. 

P.  graveolens,  No.  192  (Dipt.  15,  Hymen. 

25,  Apid.  6),  p.  283. 
P.  sativum,  No.  193,  p.  284. 
Phaseoleae,  p.  214. 
Phaseolus  angulus,  p.  215. 
P.  Caracalla,  p.  215. 
P.  coccineus,  p.  215. 
P.  multinorus,  p.  217. 
P.  vulgaris,  p.  216. 

Philadelphius  coronarius  (Apid.  9,  Syrph. 

3,  Coleopt.  2),  p.  248. 
Phlox  paniculata,  No.  299  (Lepid.  x., 

Dipt.  2),  p.  407. 
Physiantlius,  p.  400. 
Physostegia,  p.  489. 
Phyteuma,  p.  369. 

Picris  hieracioides,  No.  262  (Apid.  16, 
Hymen.  1,  Dipt.  9,  Lepid.  3),  p.  352. 

Pimpiuella  magna,  No.  180  (Aj'id.  2),  p. 
277. 
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Pimpiuella  Saxifraga,  No.  181  (Dipt.  8, 

Coleopt.  4,  Hymen.  7,  Apid.  3,  Ncuropt. 

1),  p.  277. 
Pinguicula  alpina,  p.  466. 
P.  hisitanica,  p.  466. 
P.  vulgaris,  p.  466. 
Pinus,  p.  526. 
Pisonia  liirtella,  p.  508. 
Pisum  sativum,  No.  126  (Apid.  3),  p.  211. 
Plantaginese,  p.  503. 
Plantago  alpina,  p.  506. 
P.  lanceolata,  No.  367  (Apid.  3,  Syrph. 

3),  p.  503. 
P.  media,  No.  368  (Apid.  6,  Dipt.  7, 
.  Colcopt.  4),  p.  506. 
Platanthera  bifolia,  p.  533. 
P.  chlorantha,  p.  533. 
P.  solstitialis,  p.  533. 
Plectranthus  frutieosus,  p.  469. 
Plumbaginese,  p.  382. 
Plumbago,  p.  382. 
Poa  annua,  p.  568. 
Poinsettia  pulcherrima,  p.  520. 
Polanisia,  p.  114. 
Polemoniacefe,  p.  407. 
Polemonium  coeruleum,  p.  407. 
Polycarpeaj,  p.  138. 
Polycarpon  tetraphyllum,  p.  138. 
Polygala  alpestris,  p.  123. 
P.  Chamsebuxus,  p.  123. 
P.  comosa,  No.  50,  p.  122. 
P.  myrtifolia,  p.  123. 
P.  vulgaris,  No.  51  (Apid.  3,  Lepid.  1), 

p.  123. 
Polygalese,  p.  122. 
Polygonacese,  p.  509. 
Polygonum  aviculare,  No.  374  (Syrph. 
.  3),  p.  515. 

P.  Bistorta,  No.  370  (Apid.  2,  Dipt.  5), 
p.  511. 

P.  fagopyrum,  No.  369  (Apid.  12, 
Hymen.  4,  Dipt.  21,  Lepid.  4),  p.  509. 

P.  lapathifolium,  No.  372  (Syrph.  3),  p. 
514. 

P.  minus,  No.  373  (Syrph.  4),  p.  514. 
P.  Persicaria,  No.  371  (Syrph.  7,  Apid. 

3,  Lepid.  1),  p.  512. 
P.  viviparum,  p.  512. 
Polystachya,  p.  528. 
Ponifire,  p.  238. 
Pontederia,  p.  561. 
Pontederiacere,  p.  561. 
Posidonia,  p.  567. 
Posoipieria  fragans,  p.  305. 
Potarnogeton,  p.  567. 
Potentilla  anserina,  No.  141  (Hymen.  2 

Apid.  2),  p.  233. 
P.  argentea,  p.  234. 
P.  atro-sanguinea,  p.  234. 
P.  aurea,  p.  234. 
P.  caulescens,  p.  234. 
P.  fruticosa,  No.  142  (Apid.  2,  Hymen 

2,  Dipt.  15,  Uoleopt.  2),  p.  233.  ' 
I',  gvandiflora,  p.  234. 


Potentilla  minima,  p.  232. 

P.  reptans,  No.  140  (Apid.  10,  Hymen. 

\,Dipt.  1),  p.  232.' 
P.  salisburgensis,  p.  234. 
P.  tormentilla,  No.  143  (Apid.  2,  Dipt. 

4),  p.  233. 

P.  verna,  No.  139  (Apid.  15,  Dipt.  9, 

Coleopt.  1),  p.  231. 
Potentilleaj,  p.  229. 
Poteriete,  p.  234. 

Poterium  Sanguisorba,  No.  146  (Vesp.  1), 

p.  236. 
Prenanthes,  p.  361. 
Primula  Auricula,  p.  383. 
P.  cortusoides,  p.  384. 
P.  elatior,  No.  288  (Apid.  9,  Dipt.  2, 

[Coleopt.  1]),  p.  384. 
T.  farinosa,  pp.  383,  385,  386. 
P.  integrifolia,  p.  385. 
P.  involuerata,  p.  384. 
P.  longinora,  pp.  383,  385,  386. 
P.  minima,  pp.  383,  385. 
P.  mollis,  p.  383. 
P.  officinalis,  p.  385. 
P.  scotica,  p.  383. 
P.  sikkimensis,  p.  384. 
P.  sinensis,  p.  383. 
P.  stricta,  p.  383. 
P.  verticillata,  p.  383. 
P.  villosa,  pp.  383,  335. 
P.  viscosa,  p.  385. 
Primulaceas,  p.  383. 
Pringlea  antiscorbutica,  p.  106. 
Prostanthera,  p.  499. 
Proteacea?,  p.  519. 
Prunese,  p.  221. 
Prunella  grandiflora,  p.  490. 
P.  vulgaris,  No.  355  (Apid.  8,  Lepid.  3), 

p.  489. 

Prunus  avium,  Cerasus,  domestica,  No. 
129  (Apid.  8,  Syrph.  3,  Lepid.  3),  p.  222. 
.  P.  communis  (P.  spinosa),  No.  127  (Apid. 
15,  Hymen.  1,  Dipt.  10,  Coleopt.  1). 
p.  221. 

P.  Padus,  No.  128  (Dipt.  2,  Apid.  1, 

Coleopt.  1),  p.  211. 
Pulicaria  dysenterica,  No.  223  (Apid.  6, 

Syrph.  3,  Lepid.  3,  Coleopt.  1),  p.  324. 
Pulmonaria  angustifolia  (azurea),  p.  411. 
P.  officinalis,  No.  304  (Apid.  12,  Syrph. 

3,  Lepid.  1,  [Colcopt.  1]),  p.  412. 
Pulsatilla  vernalis,  p.  71. 
P.  vulgaris,  p.  71. 
Pyrola  minor,  p.  382. 
P.  rotundifolia,  p.  382. 
P.  sccunda,  p.  382. 
P.  uniflora,  p.  382. 
PyrolesB,  p.  382. 

Pyrus  Aucuparia,  No.  152  (Apid.  11, 
Hymen.  3,  Dipt.  14,  Colcopt.  18),  p.  239 

P.  communis,  No.  151  (Dipt.  16,  Apid. 
7,  Hymen.  3,  Colcopt.  4,  Th.  1),  p.  239. 

1  .  mains  No.  150  (Apid.  9,  Hymen.  1, 
Dipt.  6),  p.  238. 
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Radiola  LINOIDES,  p.  149. 

Rafflesia,  p.  517. 

Ranunculacese,  p.  69. 

Ranunculus  acris,  bulbosus,  repens,  No. 

7  {Dipt.  23,  Colcopt.  11,  Hymen.  4, 

Apid.  20,  Lepid.  4),  p.  76. 
li.  alpestris,  p.  74. 

R.  aquatilis,  No.  5  (Z^.  6,  ^jnrf.  2, 

Coleupt.  1),  p.  74. 
R.  auricomus,  No.  10  (Apid.  3,  Hymen. 

1,         4,  Z%.  1),  p.  78. 
R.  bulbosus  ;  see  R.  acris. 
R.  ficaria,  No.  9  (Dipt.  4,  Colcopt.  1,  TA. 

1,  8)j  V-  78. 

R.  Haummla,  No.  6  (Dipt.  5,  Apid.  2, 

Lepid.  4),  p.  74. 
R.  glacialis,  p.  74. 

R.  lanuginosus,  No.  8  (Dipt.  3,  Colcopt. 

2,  Hymen.  1,  ^pirf.  4),  p.  78. 
R.  montanus,  p.  76. 

R.  parnassifolius,  p.  74. 

R.  pyrenams,  p.  74. 

R.  repens  ;  see  R.  acris. 

Raphanus  Raphanistrum,  No.  41  (Apid. 

1),  p.  113. 
Reseda  lutea,  No.  44  (Hymen.  4),  p.  116. 
R.  luteola,  No.  43  (Apid.  4),  p.  116. 
E.  odorata,  No.  42  (Apid.  8,  Hymen.  1, 

Dipt.  1,  Th.  1),  p.  114. 
Resedacea,  p.  114. 
Rhamneae,  p.  163. 

Rhamnus  Frangula,  No.  86  (Apid.  3, 

Hymen.  1,  Dipt.  1),  p.  163. 
Rheum  Rhaponticum,  p.  516. 
Rhinacanthus,  p.  468. 
Rhinanthus  Alectorolophus,  p.  457. 
R.  crista-galli,  No.  334  (£.  9,  [Lepid.  1]), 

p.  454. 
Rhododendron,  p.  382. 
Rhodorese,  p.  380. 

Rhus  Cotinus,  No.  88  (Dipt.  6,  Colcopt. 

1,  Hymen.  6,  Apid.  4),  p.  166. 
R.  typhina,  No.  89  (Apid.  2,  Neuropt. 

1),  p.  167. 
Rhynchodia  jasminoides,  p.  396. 
Rhynchospermum,  p.  396. 
Ribes  alpinum,  No.  158  (Apid.  6,  Dipt. 

3)  ,  p.  249. 

R.  aureum,  p.  251. 

R.  grossularia,  No.  161  (Apid.  9,  Dipt. 

4)  ,  p.  250. 

R.  nigrum,  No.  159  (A*.),  p.  250. 

R.  petrmum,  p.  251. 

R.  rubrum,  No.  160  (Apid.  3,  Hymen.  1), 

p.  250. 
R.  sanguineum,  p.  251. 
Ribesieae,  p.  249. 
Rohdea  japonica,  p.  551. 
Rosa  canina,  No.  148  (Apid.  6,  Syrph.  2, 

Coleopt.  12),  p.  236. 
R.  Centifolia,  No.  149  (Apid.  10,  Hymen. 
■  3,  Syrph.  5,  Colcopt.  16),  p.  237. 
R.  rubiginosa,  p.  238. 
Rosacea?,  p.  221. 


Rosea;,  p.  236. 
Rosmarinus,  p.  477. 
Rotala,  p.  261. 
Rubeae,  p.  227. 
Rubiacere,  p.  301. 

Rubus  fruticosus,  No.  135  (Apid.  31, 

Hymen.  5,  Dipt.  12,  Colcopt.  15,  Lepid. 

4),  p.  227. 
R.  idajus,  No.  134  (Apid.  11,  Hymen.  2, 

Syrph.  2,  Colcopt.  2),  p.  226. 
R.  saxatilis,  p.  228. 
Ruellia,  p.  467. 
Rumex  crispus,  p.  516. 
R.  obtusifolius,  p.  516. 
Rutagraveolens,  No.  84  (Dipt.  19,  Hymen. 

11,  Apid.  3),  p.  160. 
Rutacea?,  p.  160. 

Sabal  Adamsoni,  p.  562. 
Sagina  nodosa,  p.  137. 
Salicinese,  p.  524. 

Salix cinerea,  Caprea,  etc.,  No.  378  (Apid. 
46,  Hepid.  8,  Dipt.  26,  Lepid.  3, 
Colcopt.  2,  Hcmipt.  1),  p.  524. 

S.  herbacea,  p.  526. 

S.  repens,  No.  379  (Apid.  6,  Hymen.  1, 

Dipt.  2,  Lepid.  1),  p.  526. 
Salvia  rethiopica,  p.  479. 
S.  argentea,  p.  479. 
S.  austriaca,  p.  483. 
S.  cleistogama,  p.  483. 
S.  glutinosa,  p.  481. 
S.  Grahami,  p.  480. 
S.  hirsuta,  p.  480. 
S.  lanceolata,  p.  480. 
S.  nilotica,  p.  482. 
S.  nutans,  p.  479. 

S.  officinalis,  No.  347  (Apid.  6,  [  +  2, 

Lepid.  1]),  p.  480. 
S.  patens,  p.  482. 
S.  pendula,  p.  479. 
S.  porphyrantha,  pp.  479,  481. 
S.  pratensis,  No.   346  (Apid.  4,  [  +  5, 

Lepid.  2]),  pp.  477,  479. 
S.  rubra,  p.  479. 
S.  Sclarea,  p.  479. 

S.  silvestris,  No.  348  (Apid.  1,  Hymen. 

1)  ,  p.  483. 

S.  splendens,  pp.  480,  483. 
S.  triangularis,  pp.  479,  483. 
S.  tubiflora,  p.  483. 
S.  verticillata,  p.  482. 
S.  virgata,  p.  479. 
Sambucus  Ebulus,  p.  290. 
S.  nigra,  No.  199  {Dipt.  6,  Colcopt.  2), 
p.  290. 

Sanguisorba  officinalis,  No.  147  (Syrph. 

2)  ,  p.  236. 

Sanicula  europaja,  p.  274. 
Santalacea',  p.  520. 
Sapindacea;,  p.  164. 
Saponaria  ocymoides,  p.  128. 
S.  officinalis,  No.  56  (Lepid.  n.  1,  [Dipt, 
1]),  p.  128. 
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Saponaria  vaccaria,  p.  128. 
Sarothainnus  scoparius,  No.  Ill  (Apid. 

6,  Syrph.  1,  Colcopt.  2),  p.  195. 
Satureia  hortensis,  p.  476. 
Saussurea,  p.  361. 
Saxifraga  aizoides,  p.  245. 
S.  crassifolia,  p.  243. 
S.  oppositifolia,  p.  245. 
S.  sarmentosa,  p.  243. 
SaxifragaceiB,  p.  243. 
Saxifragere,  p.  243. 

Scabiosa  arvensis,  No.  211  (Apid.  34, 
Hymen.  4,  Dipt.  15,  Lepid.  11,  Col-eopt. 
12),  p.  309. 

S.  atropurpurea,  p.  311. 

S.  Columbaria,  No.  213  (Apid.  2,  Dipt. 
4),  p.  315. 

S.  lucida,  p.  315. 

S.  succisa,  No.  212  (Apid.  14,  Dipt.  11, 

Lepid.  5,  Colcopt.  1),  p.  313. 
Scffivola,  p.  364. 
Schizanthus,  p.  428. 
Schomburgkia,  p.  527. 
Scilla  rnaritiina,  p.  554. 
-Scirpus  palustris,  p. -567. 
Scitaminete,  p.  542. 
Scleranthus  perennis,  p.  509. 
Scopolina,  p.  427. 
Scrophularia  aquatica,  p.  436. 
S.  nodosa,  No.  322  ( Vesp.  5,  Apid.  4),  p. 

434. 

Scrophularinese,  p.  429. 

Scutellaria  galericulata,  No.  350  (Lepid. 

1),  p.  486. 
Seoale  cereale,  p.  568. 
Sedum  acre,  No.  162  (Apid.  11,  Hymen. 

2,  Dipt.  2),  p.  251. 
S.  album,  p.  253. 
S.  atratum,  p.  254. 

S.  reflexum,  No.  163  (Apid.  1,  Syrph.  1), 

p.  253. 
S.  repens,  p.  254. 

S.  Telephium,  No.  164  (Apid.  5,  Hymen. 

1,  Dipt.  1),  p.  253. 
Selagineae,  p.  468. 
Sempervivum,  p.  254. 
Senecio  Jacobtea,   No.  238  (Apid.  16, 

Hymen.  1,  Dipt.  18,  Lepid.  3,  Coleopi. 

1,  Hemipt.  1),  p.  335. 
S.  vulgaris,  No.  239,  p.  336. 
Seneeionidese,  p.  333. 
Serapias,  p.  533. 
Serjauia,  p.  164. 

Serratula  tinctoria,  No.  256  (Apid  1 

Lepid.  1),  p.  345. 
Sherardia  arvensis,  p.  304. 
Sibbaldia  procumbens,  p.  234. 
Sideritis  romana,  p.  488. 
Silaus  pratensis,  No.   189  (Hymen.  2, 

Apid.  1),  p.  282. 
Silene  acaulis,  p.  129. 
S.  inflata,  p.  129. 
S.  nutans,  p.  129. 
S.  rupestris,  p.  129. 


Sileneaj,  p.  125. 
Silpliium,  p.  361. 
Silybum,  p.  361. 

Sinapis  arvensis,   No.    40   (Syrph.  3, 

Hymen.  1,  Apid.  3,  Colcopt.  1,  Lepid. 

1),  p.  112. 
Sipkocampylus  bicolor,  p.  365. 
Sisymbrium  Alliaria,  No.  35  (Apid.  1, 

Dipt.  3,  Coleopt.  3),  p.  109. 
S.  officinale,  No.  36  (Apid.  1,  Lepid.  2), 

p.  109. 

Sium  latifolium,  No.  178  (Dipt.  20, 
Coleopt.  3,  Hymen.  8,  Hemipt.  1),  p. 
276. 

Solanacere,  p.  425. 

Solanum  Dulcamara,  No.  313  (Syrph.  1), 
p.  426. 

S.  nigrum,  No.  314  (Syrph.  2,  Apid.  2), 
p.  426. 

S.  tuberosum,  No.  312  (Syrph.  2),  p.  425. 
Soldanella,  p.  389. 

Solidago  canadensis,  No.  216  (Dipt.  5),  p. 
321. 

S.  -rirga-aurea,  No.  215  (Apid.  5,  Syrph. 

2,  Lepid.  1),  p.  320. 
Sonclius  arvensis,  No.  276  (Apid.  11, 

Dipt.  4,  Lepid.  1,  Coleopt.  2),  p.  361. 
S.  oleraceus,  No.  275  (Syrph.  3,  Lepid.  1), 

p.  361. 

Specularia  perfoliata,  p.  369. 

Spirtea   Anmcus,  No.   132   (Apid.  1, 

Hymen.  2,  Dipt.  2,  Colcopt.  4),  p.  224. 
S.  Filipendula,  No.  131  (Apid.  2,  Syrph. 

4,  Coleopt.  1),  p.  223. 
S.  salicifolia,  sorbifolia,  ulmifolia,  No. 

133  (Dipt.  42,  Hymen.  14,  Apid.  17, 

C°te°Pt-  21,  Nenropt.  2,  Lepid.  2),  p. 

S.  ulmaria,  No.  130  (Apid.  3,  Hymen.  3, 

Syrph.  9,  Coleopt.  7),  p.  222. 
Spirasse,  p.  222. 
Spiranthes  autumnalis,  p.  529. 
Stachys  Betonica,   No.   354  (Apid.  1, 

Dipt.  2,  Lepid.  1),  p.  487. 
S.  germanica,  p.  487. 
S.  palustris,  No.  353  (B.  3,  Syrph.  2, 

Lepid.  3),  p.  487. 
S.  silvatica,  No.  352  (Apid.  6,  Syrph.  1, 

[+  1]),  p.  486. 
Stapelia,  p.  401. 
Statice,  p.  382. 
Stellaria  cerastoides,  p.  136. 
S.  graminea,  No.  64  (Syrph.  1),  p.  133. 
b.  Holostea,  No.  65  (Dipt.  7,  Apid.  6, 

j  1351'  1'  C°le0pL  2'  LcPid-  h  Th-  1), 

S.  media,  No.  66  (Apid.  6,  Dipt.  4,  Th. 

l)t  p.  135. 
Stephanotis,  p.  401. 
Sterculiaceoa,  p.  146. 
Stigmatostalix,  p.  528. 
Strelitzia  reginre,  p.  543. 
Strobilantb.es,  p.  467. 
Stylidiena,  p.  364. 
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Stylochiton  hypogreus,  p.  56d. 

S.  lancifolius,  p.  564. 

Stylosanthes,  p.  201. 

Subularia  aquatica,  p.  113. 

Syagrus,  p.  562. 

Sycomorus  antiquorum,  p.  522. 

Symphoricarpus    racemosus,    No.  201 

( Vesp.  6  !,  Apid.  7,  Hymen.  1 ),  p.  292. 
Symphytum  officinale,  No.  300  (Apid. 

5,  [+  5],  Rhing.  1,  [Colcopt.  1]),  p. 

408. 

Symplocarpus  fcstidus,  p.  565. 
Syringa  persica,  p.  393. 
S.  vulgaris,  No.  291  (Apid.  8,  Hymen.  1, 
Dipt.  1,  Lepid.  9),  p.  392. 

Tabern-emontana  echinata,  p.  396. 
Tacca  cristata,  p.  560. 
Taccacese,  p.  560. 

Tanacetum  vulgare,  No.  234  (Apid.  7, 
Hymen.  4,  Dipt.  7,  Lepid.  5,  Colcopt. 

2,  Hemipt.  1,  Ncicrojrt.  1),  p.  332. 
Taraxacum  officinale,  No.  274  (Apid.  58, 

Hymen.  2,  Dipt.  21,  Lcpid.  7,  Colcopt, 

4,  Hemipt.  1),  p.  359. 
Tecoma  capensis,  p.  466. 
Teesdalia  nudicaulis,  No.  33  (Hymen.  1, 

Colcopt.  6,  Dipt.  3),  p.  106. 
Telekia,  p.  361. 
Teucrium  Botiys,  p.  501. 
T.  Chamsedrys,  p.  501. 
T.  Scorodonia,  No.  365  (Apid.  5,  Syrph. 

I),  p.  499. 

Thalictrum  aquilegifolium,  No.  2  (Apid. 

3,  Syrph.  5,  Colcopt.  1),  p.  70. 

T.  flavum,  No.  3  (Syrph.  5,  ifit-sc.  1, 

A*.),  p.  70. 
T.  minus,  p.  71. 
Thesium,  p.  520. 
Thlaspi  arvense,  p.  105. 
Thrincia  hirta,  No.  273  (Apid.  15,  Syrph. 

3,  Lepid.  1),  p.  358. 
Thunbergia  alata,  p.  467. 
Thymelasacete,  p.  519. 
Thymus  Serpyllum,  No.  340  (Apid.  7, 

Hymen.  3,  Dipt.  14,  Lepid.  6),  p.  472. 
T.  vulgaris,  No.  341  (Apid.  2,  Hymen. 

1,  Dipt.  3,  Lepid.  1),  p.  475. 
Tilia  europsea,  No.  73  (Apid.  3,  Hymen. 

1,  Dipt.  9),  p.  146. 
Tiliaceee,  p.  146. 
Tofieldia  calyculata,  p.  557. 
Torilis  Anthriscus,  No.  195  (Dipt.  1, 

Hymen.  6,  Apid.  1,  Lcpid.  1),  p.  286. 
Tozzia  alpina,  p.  458. 
Trachelium,  p.  369. 
Tradescantia  erecta,  p.  561. 
Tnanospermum,  p.  270. 
Trientalis  europreum,  p.  392. 
T rifolium  alpestre,  p.  186. 
T.  alpinum,  p.  186. 

I.  arvense,  No.  101  (Apid.  11,  Hymen. 

1,  [Lcpid.  1]),  p.  186. 
T.  bad  in  m,  p.  186. 


Trifolium  filiforme,  No.  103  (Apid.  3). 

p.  187.  ' 
T.  fragiferum,  No.  99  (Apid.  1),  p.  183. 
T.  medium,  No.  104  (Apid.  2),  p.  187. 
T.  montanum,  No.  106  (Apid.  1),  p. 

187.  1 
T.  nivale,  p.  186. 
T.  pallescens,  p.  186. 
T.  polymorphum,  p.  186. 
T.  pratense,  No.  100  (Apid.  24,  [+  4, 

Dipt.  3,  Lcpid.  8]),  p.  184. 
T.  procumbens,  No.  105  (Apid.  2),  p. 

187. 

T.  repens,  No.  98  (Apid.  6,  [Dipt.  3, 

Lepid.  2]),  p.  181. 
T.  rubens,  No.  102  (Apid.  2),  p.  187. 
Triglochin  palustre,  p.  567. 
Triticum  vulgare,  p.  568. 
Tritoma  Uvaria,  p.  561. 
Trollius  europseus,  p.  80. 
TropEeohvm,  p.  159. 

Tussilago  farfara,  No.  236  (Apid.  5,  Dipt. 

2,  Colcopt.  1),  p.  333. 
Typhonium  cuspidatum,  p.  564. 

Ulex  europjEus,  p.  198. 
Umbelliferas,  p.  270. 
Urtica,  p.  521. 
Urticacere,  p.  520. 
Urticere,  p.  520. 
Utricularia,  p.  465. 

Vacciniaceje,  p.  373. 

Vaccinium  Myrtillus,  No.  284  (Apid.  5, 

[+  1]),  p.  373. 
V.  Oxycoccos,  p.  375. 
V.   uligmosum,   No.   285    (Apid.  23, 

Hymen.  1,  Syrph.  4,  Lcpid.  2),  p.  373. 
V.  vitis-ideea,  p.  375. 
Valeriana  cordifolia,  p.  308. 
V.  dioica,  No.  209  (Apid.  2,  Dipt.  3, 

Lcpid.  1.  Colcopt.  1),  p.  307. 
V.  montana,  p.  307. 

V.  officinalis,  No.  208  (Apid.  3,  Dipt. 

19),  p.  306. 
V.  Tripteris,  p.  308. 
Valerianea?,  p.  306. 
Valerianella  olitoria,  p.  308. 
Vallisneria  spiralis,  p.  526. 
Vandese,  p.  528. 
Vandellia,  p.  437. 
Vellejn,  p.  364. 
Veratrum  album,  p.  557. 
Verbascum  Lychnitis,  (Apid.  1),  pp.  430, 

431. 

V.  nigrum,  No.  317  (Apid.  5,  Dipt.  4, 

Lcpid.  1,  Colcopt.  1,  Th.  1,  Ncuropt. 

1),  p.  429. 
V.  phceniceum,  No.  318  (Apid.  5,  Syrph. 

1),  p.  430. 
V.  Thapsus,  No.  319  (Apid.  6,  Hymen. 

1,  Syrph.  3),  p.  430. 
Verbena  officinalis,  p.  469. 
Verbcnacerc,  p.  469. 
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Vernonia,  p.  361. 
Veronica  agrestis,  p.  443. 
V.  alpina,  p.  444. 
V.  arvensis,  p.  444. 

V.  Beccabunga,  No.  325  [Dipt.  4,  Apid. 

3),  p.  439. 
V.  bellidioides,  p.  444. 
V.  Chameedrys,  No.  324  (Sytph.  3,  Apid. 

4,  Coleopt.  1),  p.  438. 
V.  hedercefolia,  No.  328  (Apid.  4),  p. 

442. 

V.  montana,  p.  439. 

V.  officinalis,  No.  326  (Dipt.  3,  Apid.  3), 

p.  441.  _ 
V.  saxatilis,  p.  444. 

V.  serpyllifolia,  No.  329  (Dipt.  1),  p. 
443. 

V.  spicata,  No.  327  (Apid.  2,  Hymen. 

3),  p.  441. 
V.  triphyllos,  p.  444. 
V.  urticifolia,  p.  439. 
Viburnum  Opulus,  No.  200  (Dipt.  7, 

Apid.  1,  Coleopt.  2),  p.  291. 
Vicia  amphicarpa,  p.  207. 
V.  angustifolia,  p.  203. 
V.  Cracca,  No.  117  (Apid.  13,  [Hymen. 

1,  Dipt.  1,  Lepid.  1]),  p.  202. 
V.  Faba,  No.  119  (Apid.  8,  [+  2,  Coleopt. 

1]),  p.  206. 
V.  hirsuta,  p.  201. 

V.  sepium,  No.  118  (B.  5,  [+  1,  Apid. 

2]),  p.  204. 
Viciese,  p.  201. 
Victoria  regia,  p.  93. 
Villarsia,  p.  407. 

Vinca  major,  No.  294  (B.  1),  p.  396. 
V.  minor,  No.  293  (Apid.  7,  Dipt.  2, 

Th.  1),  p.  394. 
V.  rosea,  p.  395. 


Vincetoxicum,  p.  401. 
Viola  arenaria,  p.  119. 
V.  arvensis,  p.  118. 
V.  bicolor,  p.  121. 
V.  biflora,  p.  119. 
V.  calcarata,  p.  119. 

V.  canina,  No.  49  (Apid.  3,  Dipt.  1, 

Lepid.  2),  p.  121. 
V.  cornuta,  p.  119. 
V.  cucullata,  p.  121. 
V.  elatior,  p.  121. 
V.  floribunda,  p.  121. 
V.  mirabilis,  p.  121. 
V.  montana,  p.  121. 

V.  odorata,  No.  47  (Apid.  6,  Dipt.  1, 

Lepid.  2),  p.  119. 
V.  pinnata,  p.  121. 
V.  pumila,  p.  121. 
V.  sagittata,  p.  121. 

V.  silvatica,  No.  48  (Apid.  1,  Dipt.  1, 

Lepid.  5),  p.  119. 
V.  stagnina,  p.  121. 

V.  tricolor,  No.  46  (B.  1,  [Apid.  1, 

Syrph.  1]),  p.  117. 
Violariese,  p.  117. 
Voandzeia,  pv  215. 

Weigelia  eosea,  p.  299. 
"Wulfenia  carinthiaca,  p.  445. 

Xeranthemum,  p.  361. 

Yucca,  p.  561. 

Zingiber  officinarum,  p.  542. 
Zingiberese,  p.  542. 
Zinnia,  p.  325. 
Zostera,  p.  567. 
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